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i mm 2 ] tmm i izm®mmv$> -> x . mm 
hit & tzfrco&mmz . MeaiKb; wjrjstffiii-ti. 

t&xnZ-fflfi, Milt), fflS-b/UDSS&^SMSrffiiM 
[ ffl** 3 ] 1 £ tz {± 2 KK«<^Karc* -> 

K«8-t*fc«>0#BW*. Wit. «5e-b/UoaB^* 

i*i t *5«^wa» a ^[6] k t x v t« £ t zwsk t -r 
xm^&mwm%.mm.X'h -> x . 



2) #132003-1 89852 

2 

10 LTWa-fifcft^Sfc. 

mmm ix ^«ffiE«n . «BWfciii»*-4fc*>« 
tmmff)imt:mmmix^mmmi)^m.yt 

i mm 5 ] bm 4 izMffiwmw.X'$> o t . friasi 
fe-ttuommz , best* * iwffittR* f«t§ 

a. 

nt-r-g»»^?S5r, fnaiffl£-fe^«os£B»c*gj«-rsfe^ 

I f B$JB 7 ] n$q( 1 ~ 6 coMix* 1 1 iHlclBfS^fi 

x-h^x. 

mmfe*>wffl&mzmw%&mtt&tzft<?)%M 

50 HulBtB^^«lg$^iiM^»fl61-§M#Si: 
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3 

imxm ] mmt lt . temnmrntmem 
mmy. Mfe-t^tix. ftmzvmzmi, #tr- 

HKKK^ft«$«fcfi**«»rt-eu— f- h7 XT' 
fc£9ff£-f&Xgfc, 10 
ffiBSKrtC. &&ftffi)£-f * 1 7 * ? H ft5ldg 

J: 0 Off $<t^ * J POOS* 

m^mmLx^hmmwmmmtiJMt . 
sxs t ft jmw i. £ t mmk^hfflmnwtx 

[II5RH9 ] liflE^fttttfS^fflfta&^-ir- h 20 

m. 

[0001] 

mm & mmmmzmw.. a ± vmwmmwi m 
fcthwazmth. xvmmz, «»ft 

fift LT V M>fflfls ft V— f-ftiz uz$mx\ 

K^jsaft*^*^— 9-ro«ifrrsREfttTV\ s 30 
s^sftiettsabtflrtro*** «t fc«WB 

imzimLx^&mmi'-y-Mz x oaisLfctt 
JurBf^raefttfv^ KRjecj:0fi^4ia*ft« 

LTflWmT'fc*. 
[00 02] 

[ ] 8S* J: "3 D N A* R N A c0l£i$O*gaffi 

?ijft^s-rs^stLT, Yivnmmsm.. 40 
a-cti, yvKo&i&^ft^ < -ttitfimmz i ^ < hx* t 

*v«Oi£«itf'Jftf^JK£ L* 1 L , 

y r/i^sm t t bwb*«*»*»6 *r ft * -r 
s . * st , * -v t- 5 y -usiiHttSifitt , -mz§>&co 
yyTmmm&zttfxz *rv?)V<n 

cnm^.X'mm.h LkffX'% S<^{i:600~7001SSSffiT' 

b*),mmww&m&\*mmzumL\\ 50 



#HB2 0 0 3-1 898 5 2 
4 

[0 0 0 3 ] SK^taaffi^Sti. S»5^ 

r-fvh-r(Ri), -^t 32 Pftffl^Tfft>ix-r^ 

mm%k'v>>imimffix'hz>±iz. muzM-rum 

[0 0 04]—*. m«<nDNA^m%k'<7)fiffim 
zmturmt ixmmt±mmtfbh . 

at^nai LT«iMiaiOrta5^«ss^flijiftS!i^r§ 

i*>T*S. COtfffitt, i§SitfiJft^&£Cfcft*f 
#5fcLTV^^L. M*BM><ri:<>T'#&l/\ 

[ 0 0 0 5 ] ^^co^mmvmL^mmu 
mttx. 7?-iM h*hyi) i *<m^htix^h. 

<7>Mb?z%Lte>t>x'&mttwt>, ^.fi^nm&m 

*»^>«oica36*ai3i£ftfisaiL. s^no^i^rtassjs 
^t'ftajs-ra. ;<7)*s{i. KaTatfi4a*+T<x 

at'j^*— 5H^ft«!aj-r 5 ; t -r , js*s^j ftsg 

[0006] 9 O^tAO^ftfflV^*— JB^ft 
Hi • ^-x>^CPtSW^*tiiiUTV>|,. mi 

lii. ^CO^tllSt LT, P.M.Goodwin et al., AC 
C.Chem.Res. 1996 , 29 . 607-613£l3tt§:h.6#£, 

i vabtfflUMHtiffi ( fc s ) tt&mrbtit. «* 
^eaiSL^^w^^fl^^ft^+to^ias 

* ft ttiJ-r 4 i k * S . C »«E«t-3H 

tii mn£. mm* ^m&n m »*j (1999) v 

ol.44, No. 9, 1431-1437tPL<l6t^ixT'^5. Z.<F> 

[000 7] tfc. DNA*^ifL5t7r y^XS^ft 
mSM-CX hy-/ rt J:9*BBl^f«W:DNAft# 

(Steven B. Smith et al, Science (1996) Vol.271. 7 
95-) . Sfelc. aW+fcae^ftJKat-i^rAt: 
fcv>T. «f-3ttJ: Dffl*<om^ftffl)t£ (h77 
r) L» ^.TOO^y • #7fcJoTh?'yrU:«l& 

^w^isosft^ftfMffliu, ftiss^saa^^iftwia 

ZCOX 5 tcme^ ft* h 5 7 W»*?£T-(i, W-if- 
fc" K i 0 mtfr ft fflffi-t *#ifetov (i^^ LT 

. eta^c^ $ tf£i»seftffi5'j l^c o . g 

3HMI<o*ft»gLfc 9-f ft*ifetcov^-C{ilB*sn-C 



1/18/2008, EAST Version: 2.1.0.14 



5 

[0008] *fc, mzttmzm^x. wts&iifc 

wrm-fr^; z?v**y mm) zim-f^m 
mi, *nm¥zmLfc&tx-ms.<?>±fc®fcL. z 
ti*mwi±xmtmmmz%®ix , ztLtu-y- 
t/tvmmt. b'f**> yx-vmixwrnt-fi^mx 

31 j (1999) Vol.44, Nol3, 2019-2023(Cp t <j&Kt>tL 

wax'® o mztitimmz mmmmizm i%&h 
mm±.izmtt<xmh?. mL<w.m,^*$m. 

[0009] HRfc, SbHMr*JBvvtffl*?))JfStf># 
gli&ft^*^ SSBW^S S ( t coftm L<{± 

mxbitz. 

[0010] — #. Keller^tCj: 0 , «/hgffi&<7)+£ffi 

d n k<?)WLW&$§ t&m-hz&nmstfmtztix \ * 

h (Siiigle-molecule fluoresence analysis in soluti 
on Appl. Spectroscopy, Vol.50, No. 7, 1996, PP12A-32 

A) . Z<F>®m±. &&£Zm&mxMffilteDNA 

ttiyxmt^zm^tzh^vvTivi ixm 
■r-ftxaaiL* zcofmfcfttmm&faixDNAt) 

[00 11] *tf!>a. Dorre^KJ: Keller 

ta^fe/fc^siat:. *smb?ij & mm. 1 1 v > 3 a 

*5@W2r^-tS{CM-5-CV^V^ (Dorre K et al, Bio 
imaging 5, 139-152, 1997, Techniques for single mol 
ecule sequencing) „ ZCDX 0 iZZtltX\ Mfo&ttZf 

■twistf. mmw)&. MM-t&Mz^xm&z 
tix^&\ ttz. W)£o%wmx*?y7>tf&to. ft 
mmmm. t&m&z*w** mm^^Mz^x 

mmzmmztiKzttffr\ wc. mzoiz 
mM^zimi. imwrnzmMSLhtrtz^x i>w 
miz%mztitizttffr\ 

[00 12] 

immmiz *> t? mm *mai±snmizm 
frxzwzhnxb*). ^mowssMmzXhftfm 
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6 

fcztmmmfe&zmmizmmth^mmmi-i 
zttrnt-t*. -rzbttwm. mmo^zco 
mm:mmfr^ftmz&mm.x'%%mkffiw&Uk 
mH*v*mm&w&!mth zti mt-t 

ft. 

[00 13] 

zttzt*) ftvmmiwmti . - w#tnW4£ , as 
z <r>*mxi&mzft!mmtiiZffi.b. tmzm 

mmix^immw^mimmmxmta i . « 

20 [0014] -tVT7^?8t. P^M, ftjt^i: 

[0015] . *«B«ittTt:£«w#aK <k 

[0 0 16] ( 1 ) ffifcORJSCJ: »5»^>ft-6l6**« 

30 7 -y7'lc J: 0«fBLfc«JB , C. KRJCCflWSIMfCJJr 

t- a mmmfe&wmtftizm, l . frisfflfrsrit 
[0017] (2) ( i > izimwmwx'hix. mi 

50 m fcJ:tA'BuieS** J ffl^-ri»!tl!I«tcBfSORCSrff 
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[00183 (3) (1) ttzit ( 2 ) fclBtt^Haf 

mmm&tzubcomtK m.t>. M&*tw>m 

[0019] ( 4 ) {g&aaS&lft^ffaSRk itt 

tffltxmmm Ltz®®zmz&zmmmm® 

mwm*ttm&m&*h%--<w?mt, mum 
w&mm-t y ^mzmmt 4 

mthtzvwmt. mmtmtzxvwsiwzizs 

izmtt. mzmmnzwrnmizmmt 

&b. mumnm&tmMffl^x\^&'meM.»k 

comm. mm±tz>m=cr>%¥?kb. mytitzmx 

§L~t2>tmmb , mmkmffmLtfiimm^ 
mtimk^mLmmmtm^bi^mt 
hz\b tmLb^h&wmmsm. 
[0020] (5) (4) iztm^mmx'h-ox . mi 

tzmcommmmm-titiit)?)^ &xxms®m 
9 v*-m%frhmz>mtm 
mm*. mmi£*>ucr>$5.mzMm?z>tz*><7)*&tf. 

*s t3XvmztLzmmzmm&.iz&izb%< 

mm., 

[0021] (6) (4) ttzli (5) lZim<?MWX 
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8 

izmtzmm*. mmfc^iMimizimt&tz 
htz#>mm*mt. mmtK m&ztwam*n 

ipo-JifibtzimLX^lZbifflibti&X. 
[0022] (7) ( 1 ) ~ ( 6 ) <0fflftrt> 1 (CIS«0 

mx-h -> x . iiriE»s-t A^tSBrt oswat^irart- 

KrtfcBBW L , fulfils tttc*f LTBSb^^bsj^I.^ 

10 ^t, miffltm^Tx, iMEfi***. frte^-^^- 

b. mimmmmtitzw®*Mm-fzwtm®bz 
mzantiz b i®®b-rzm&. 
[0023] ( 8 ) #msmb ix . mm<?mmb%. 
mmcommb ^nmmxmsmm uztmzimz 

fBSSBrtt. &gi£^t4*/;Z?)^f-K£*ii§A> 
feUBcfflifT* LXtittJM 

a. 

30 [0 024] (9) HUfeSS5r#»$^S^V- 

KM«tS ^ b & mib^-h ( 8 ) KEftottXEMft 
[002 5] 

[0026] <^Kfi>t-r. ^^Bofissw^e 

ilBTiSaiE5i| S-M^KS fcft Kttffl S til tttf m^z 

is 1 ?, rt&mcnwmbmminniimbZttmiixm 
40 mwiUzvmmmzttmzitfztcoi x-hh, 

[0027] 5WW»TttfflS*l6 r fflf*j W-if- 
3ttJ:OJ«8*tiit^)'C*<Uf1*t:l»3eSix ! fi:^. ffl 
ftkUTIi, ^r-y^xm^-, #3o^( 

<tiil:fI0.0 5jum~2junu JrOtf^KttttSO. 
l^m^l/imcotO^'ffiffl^iiS. ffl^O— fiajkL 
50 T , US 1 /* mtf># 5 ^Bfi?tW4 - 1 4 . 
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9 

ngs Laboratories Incft (*H) $gC9X r-UrbTEV* 
h S^ifeS" U * b-X*«H-r S £ fc £> . 
[0028] *»W=*iVvc rsfcfcftff j n N ijggft 

ftKT'saisiiT z t tfmnwm* tax&tum 
RGb^o) , Th7*i->uv3-y*>-5-.4 y* 

JtisT*- Y (KIT, TMRt t> V"» 3 ) . Cy5 <1M 

*T-y?&) . VA ■Vf-*^7*-h (F 10 

I TC) . WJ^XD- (Acridine Yellow) , 
X^MMW b' (Texas Red) fcttffi-f* £ b WTZ 

[0029] T&tmztswc ^s^mmbmmiMco 
S5^®t:*iao«^L^DN Atfm?t>tihtf. zmz 

RjeSiufrv*. ttcfrh. *miz)3^x b 20 

fcL DNAtJj:t^RNAWPI*S&f. ZZT 
r WHIRR J «± . <£-f 1 1 4 MHtf>***^T * 

[0030] £4) J: 3=3raffi(aB^)A'Jx-^3 yti. 

aa^^www (016, i7. 1 9o^f4) tw* 

Mcot&m?) o *> i nn^tss ( mmrr-y). 30 
RBMMiV?t>J:vi (H16#B1) . ftStifc 

**i**ilMHHlL/CfcJ:v> (Hi 7#S&) . **v> 

\±.mm^mh2m.m.mmm^x, is 
mmtrnmnxmrnmix t> x v > < a 1 9 # 

SB) . 

[003 1] r&g^agfcsafcfojfcoagfc Sr^lStf 

[ 0 0 3 2 3 if , ffifctetf LT, 5 ' 

tf**vtM»3*i. #**#IKMilti3*ifc D N 
Al*« (i>L<tiRNAl*M) *. -t**> 

{50mM Tris-HCl (pH8.5) , lOmM KC1 „ 15mM 
(NH4)2S04, 7mMMgS0(, 0.005% Triton X-l 
00. 10m M 2-MercaptoethanoL 1 RRifotz 0 1 pmol 

Jt RG-dTTP (ffcbOfcRG-dUTP 50 



#^2003-189852 
1 0 

$&miXi>£^) % RG— dATP s TMR-dCT 
P s TMR-dGTP ) } 

<t>t s dnai*m m%Lb%m) . immmztin 
srcx'yyft&utiz-txmmfflm-z. zcomx 

LTfflfflU DNA1*I («6Sfc&6«[) fcfflffiWS: 
DNAiS ( t> L<(iffl«W&RNA$f) CO^jfcWBi 
4. Cli-C^**Wt:ffl*l««rDNA*(«,L<l4fflH 
W*RNA«) rt\ HRKOSJiDBWKffifflSn*. « 

m WBDNA (tKJiiSflRNA) fcffcU K 

a) vmwzti&. tztzt. wmrnxmiftzmmm^m 

[0 0 33] JJCV^T. fWSnfeiSPfDNA (tL<(± 
IS^RNA) t. ffl*t#«^*4SlE2rff^'3. ISf4 
DNA (t L<{iMf4RNA) *fflf*tt#«S-*5#a 

4 1, <o*m«f . l& l . £ » .t 3 ^3taffi^» 

■f-ySJS(Cj:4#ir{±, ±^Bangs Laboratories Inc 
ft (*H) ScOXMvrhTbVyn-b^ti^v-U^ 
t"-X ( tf7XWffi*<n&Wl l ZTVi'>tm%ft£tltz 

i><7» zmmtx. ztuzmmnimDNA (t>i<i± 

Wcli, iEi'U^tf-XkJJEKftDNA (iL<f± 

IS^RNA) t$r. 100 mM Tris-HCl (pH8.0) , 1.0 
M LiCU 0.1% (v/v) Tween20COS?StCjDX . SST'R 
fcZ*kXtt-mthZ.btfX'*h« tzt£LimW.<rmSL. 

IW*f^'«itf. fitt 1 LT 1 *co D N AM 
(tU<«iRNA«) fcfrttS-ii-iifc*^**. 

[0034] *^HJ«o<g^S^^I{ltfflV^|., a® 

•mzj: *) mmh z t h . »*fafKoii»(co^ 

TfiZeno Foldes-Papp et al, Nucl'eosides & Nucleosi 
des, 16(5S6), 781-787, 1997, Exonuclease degradati 
on of DNA studied by fluorescence correlation spec 
troscopycOESK h $83 Ztlf^\ 

[0035] <mm\WM$ku> 

[mi trmtmna wt, 1 nmmmm 

[z&h®&WtW£3kW) l Z'O^X . B2 »#R8tTKQI 

^■Ctti!K)««*«»iJlHi U WMWtfitttfflt 4 . 
[ 0 0 3 6 ] II 2 tc^-f i 3 1 , *HI(6W»«<7)Jg«ie 
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1 1 

£*Ufc»£H=/H ; mmM*>wm.mz. mum 
x-h * ®m ft* $ *fcfflflt<osswK & 

-coi^— tf-ft?I3 ; mzm-ou— f-%Mfrt><rtft 
*3*fefi«c*»J81-*»-0*^4-l 0 ; mtm 

2 ; fTCEIHRffit: J; 0 fiffiS fife * 7 5 7 U** Y <m 

msmmm tr^mmx* . mm&MBthtz 

1 0 ; 1iffi«aj&^aS^M»ffl»LT^&S^ 
«a»fc«0«3K*. lt&*ft^£3RH«Dft^ 1 0, 1 5 
-19; #8fcLfciift£lt««lHJU fcUJSflfcffiteK 

»j6*4rawi^£*s±-r*3ia*a}S2 o ; mextitti 
K**?*r#a2 1-23: ifrsas-fe^ossaswfcBra 

ft£!SS*^§£*<9ftS2 4 ; mfEftiI#><o<9ftftflrfe 

tz*iixmm&mi+i>%&%2 5* 2 6. 15. 1 
0 ■.msmwiT?. m?m?h&mmmzttm 

£H#.ft»#t££^ft¥£ 10. 15. 27-2 
■f &»&#g3 0 . 

[0037] *mmMffl&5gmi£s mAV— 
[00 38] *HBjWlS»ie?iJ*g^»i, «&ftfflft 

«1-*«*ftfflJ*3^ffl*fcl'--'f- h 5 7 J: 0 
Cftffl-r S i fc *> £ . FJrS^KJSi tt. RRJCt J: 

cORlSftff&oTtiO. 

[ 0 0 3 9 3 W7, «aKRI««SKE<0*-^aS<0» 
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1 2 

[00403 Cfflg-fe/l^-f rrt»K8B»^«|i, ft 

wc[a3tc^t. 03 (a) tt«ce-bA'*s%ii5iaa, 

( b ) (J ( a ) OHjg-fe/kSrijttTffiB, ( c ) tiA- 

[0041] mfe&i- 1 ti. *T . *f)rt»cau» 1 c 

( 1 bOB) fctUT^i'-BS* 5 **. Z<7)mW% 
10 ffl ( 1 bcoffi) <^K^>yX;*fiEH3fiS£fcfc$: 
0.1b coM*> £>l— if-fttiAStt I . 
[0042] 1 «. *fKB««3HWI«{£ 

•fr^SJ:3^{aatffiSS$riSxT^I.^* { J>4„ f 

J;3fc. 36h*-ASra*f4*Bfa5»lb<OJI*S:3aa: 
JEC «S-fc/HK4JV^. SOU 

20 [0043] WC. tSWt5flr*«BW55taB 
j^felltflJBrSnfct / it ? ^wWf*^ 8 

[0044] tt±«0Sfr& i fcft* fc . m&z* i a,- 

[0045] 03 fcfcVvcaUe-fcrt' 1 (±. 1 a 

t f-mmmm^wm^mm 1 b 

3g-b/k6«i 3 =5r 2 o<oau**»4>iK6fllfi£KB^S*L 

-2 5mm. gftSSOH^|6] 5 - 1 5mm. SESSOaiS* 
40 |6j(Jf*)0. 3— lmmftSifc^T^-S. Wi(f. 
»IHW4XI1 gSES#<7)SS*|Sl»l 0mm. « 
»OB*|6|»5min, SS&^$^(W^)^1 mmt 

[00461 03fcfcVvC####l att, x'Jn^ 

HI c (31) iW«*8*i"CV^*. **3^1 a^J?:^. 
(±. ff4L<tt. 0. 2~lmm?*4. aiHWHtt* 
ff^L<ti5-l OOium. i'9if^L<{il 0-5 0 
junu 8H»«ai$tt. »^L<(i5-100^m. iO 
50 #4L<ai 0-5 0jumtA'), 8B»<0«« 
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5 0/*nu tfm<?)&Zm5 Oumb-ft ZbtfX'Z 4* 
Of, folOmmbtZZbtfX'ZZ. frfc, H3C*5^ 

xm, zvkizh, wm=f- id otvxmwmx ■ 

[0 0 4 7] H3(=&vvc*n*ftl bli, #7X«J:0 
(ftftaBBdOTIR (*7X^a'-) k*oT^4. *ffiHP 

WaflOiflrV ^H-dOJi* *^T-t4 fit* 4 i 

wuiwyx^iusfiatiwsas^ft, o. 13- 

0. 2 lmm05t<O#<$f4L<, 0. 16 9~0. 17 
lmm<Oi<WJ:9#£U^ SffiatftlbU. ^ttSB 
#(y'J3 ) lab Wim&%Z<?)1jmT8&Z 
*l4. 

[0048]^. SU&t/Htt. l&ndmZffiitc 

[oo4 9] H3Cfc^T, cfj&i c\±-*<nmm.<?> 
■flRcii. -BgsKt-^««^e^t4'ifS^4. 

[ 0 0 5 0 ] ifc, H£-fe;Ki. 04 <8B£4r;U9¥ffi 

ami,— v-mottt. m>Hz%^x^&&ftcom 

(H+WzTStt) tJjtfSSU. i?iL<{25~5 0 
^mT'$>4. ^'hfc&oTV^ffiS&SPtf^S (H+L 
tft) U\ ML<(il~10mrafM t i?t, 8iE 

fc* s t'§4, 

[0051] <mmmx ■ m.mm>mz. tmsmz. 

zm* wmx-mmmb^\ wmms 
[0052] *%tyiz&ux zcdx o%®wmx ■ mm 

Hm&WltM&lt.* Dorre4><0$3Srf 4«&?fj§aft (e 
lectro-osmotic flow: EOF) Xi§MZWliMi~ &Z b fc. 
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1 4 

aareafa* tmt i *s\ n v >«Et >W4#®#* 

4. *tf)fc*>. ^^^Ki^JWfBiaaJLJtO. SK 
if ^"C^««iStt*HST L£ 0 s jRifi*^ L-t 0 

th%tiwbh. tot, aa»wsa&j^t^w«» 

[ 0 0 5 3 ] *fc, 5 • ft ititltt 

<&4ssaf#fc£^-r. u&»u msiaaarcu;. ass 

rt«J«f«i r/7/7n-j tiWi4gK*U;:£0. it 
MSfc.47^ (t/ Z ? U** F ) <n>Wxt>K 

IW>«fflaHHc* / * 9 U*+ H jWMBrt* - SK^ 
+^sfEix-C<4^y5^^^Fc0iS«Sr, W^ffi* 
•TiffiSiJ-r 4. ^ t ^f6 L < ^ „ iot, i<7)J:-5^raS 

20 jaTci«w-*j:3arft«« 

[0 0 54] #!6Wcfc^Tffiffl$ft4-?y77t^ (ffl 

7 nz x *> ~^m##imzixM^mmmmzWi£. 

frhfflnx # /cffi<?5fflfr t J: 0 \t ttffl&Ztitz 0 1 4 
30 4^ttA^'ffi< ; 5:4„ ftot. 0.01M).3a*%<Dffitt 

Tt> u ) ymmmmizo . 1 smoigs-r-ss^ixTv^ 

4 i<9£ffiffl-T4 - i: * { T'§ 4 . 

[0055] mmtmmx ■ mmmiz&^x. 

Wt-fc/Hli, iblV9-\ elZtRigZtLX^Z>. MM* 

fc. ffiAffl^^2afc e tt/J»Sffl^y^2c*s, 
40 «URXffl^*-y2btJj:^*ajfflf-a-r2d^ 

jM1-4^(7)iM*Wc§ixTV^4. Sat if 

b, 2 dtt. ^Jx.(fr7Dy (S^ffitK) tt%<7)h<r>* 
m-fhZbtfX'%h. 

[0056] MXm >9 2 afrt>m,$^coyyT)\sM 

m<mx. mm9>9 2c<wm&\mLx\i.. M9 

>9n±.TcD&Zim.%m)2-£& Z b lz£ OS o Z b 

50 tfx-z z.m9 >9<n>is s %m.<o®mzz. o . mmntii 



1/18/2008, EAST Version: 2.1.0.14 



1 5 

#xffi£fflvvt^yyv'&fc*£E&&i!jU SSL SMS 

z corns. tfzELcofflwzx o . afisoaMi^osui, 
[0057] mmnfflfr^nm&isxvm&te. ot<o 

I.7J (l/-1f-3C«)ffl») fc?>WST1£££ft6„ 4 

^&<ii*/7?l'*?-h'#^<DX7'7>'jItS£ 
M**«K*»abWWi:fc*. HRt. «b»4o.5 

mm/s-1 Omm/sfcRjg&fc*. Mitf. 
mm/sfciftjg3*ll>. 

[00 58] *«flt*JV^T . ig«E?iJ&£iSBOflfcSt 
^•5T8SBl*J*»SS^<*ii:^5|BIH*JiaSL 

ctwwxx. ^rtfcfctt -sgwa 

fc. U»U -HRfc«0NW*L 83 (rtffi) *», 1mm 
**»ftA • «aj««*flBS'tS*S* < fc4i:V^#i 

[ o o 5 9 ] i a zmmtztmmmx ■ mm 

[0060] gs-fc, £«0HR»tt, »'h$ri8»fc*.*- 



9) ^2003-1 89852 

1 6 

8APifi< fcfcwc, Mfe&l>e>Wfr\ftfrolJfobm 
Wi^ftfroliftblzfttbLX^&ZbZftmbtl. * 

[0061 ] ;iTSBB-fe*«)8UIAPifi< 

10 tit: i> coX'h *) , fl£4:;l^>SEK^3^^Ei^ttU 

iwtimizmmmK zuzx*). wM-t^cotrnxn 
j£<4T'ti, m*?i)Hz®mmmt& z b a*t* & . * 

[0062] iiT«SSAP5fi< fc«. »g-fe;K0iiS» 
[0063] M-iz, MA • i«tB«lffi{i. eSK^St 

[0064] «rac*»v^-c . m&pix'-MWssL(omm 
<r>m.*m.w*htz#>i<z (ttbh. mmzmfciSii 

iftjJBA • JSfctJffiffllcffiffl-TI. t > «*»»fc*IIMW* 

)\s7z®Ri~r&zbtimm'$>z>zbzn.&uc. bp 
*>. mtbcomxzmwtimftz'it-otzmz. m&ftt 

50 <o«Dh.*M»-f S-'^X (I(+;«l:lil^WA>7' 
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17 18 

KUISHRNA) W*ffi*>£lf£W$ft*:*/*? t fcfc, ae-fe/uoSSH»«i*H-^ri6|t:|6i*»-j-ciSfiS 

[0065] 3fc«**ff*ft*iK*A ■ ftttitt 10 tt» ffittJUJSJHU-lf- Traplase 

f<o-^s-06*jj:^07{c*-f j:?^ r) 3&«ait$<iTfc*)» ztix vrmzmsmu-i 1 - 

£Ef\ TID£§i"#£*fliU Ztllz£*)&m (0+. Excitationlaser) #!BJtSftT^ft£«A*£> 

[ o o 6 6 1 , *bh«w iza^xummmssix [0073] < > wra xvrmkt?* 1 *§»a • *s 

«A^ftRe*IJHt^ft«><0"C*ft. 20 KLfcO. *4V^44J-«Lfc»ffti3^T»fl«oaaiS 

[0067] OT. «8A ■ «fflHm<9JWWfirWfc *rt*aS?Lfc 9*. JKRoattitfWfl-f Sfcftfc. >< 

oivt06£#BaLTPfflfcl&HBt!.. fe^L. /kT'tf'&Jf SfiT^ft. 06 fcfcWCA/w:/i~9ti, 

/jN^8SKt»fft*«a'f6ii:* , ^*4t»W*><ltf. T^ftNOJiNormal Open (jlftBRft) , NCJiNormal 

H6KS%t0Wc|RS**l*V^i:UV^*Tt*V\ Close (il^jgBf) , C OMIiCommon 

[0068] H6tc*-r?§«A- mmmma. fitm a. .B&afctJD. »*l<h. ;^7iijit««:iB£3 

Wl9 V9 (Buffer tank ) 4 6 . 4 7 . WVf 1 -9 , [0074] — TS^^ti, HRfcttttLfcEtf 

Tg8£^4 8. 4 9, m&X>r5 2. fe»jW-*fcit)fc:*OT*#l*. 06 tfc^TTg«r# 

(Waste tank) 5 3. ii J: £il 6 £IS.iSE* J: OfflfK 30 48, 49tt. «fl£*/l^B®AP>£< iZti^X. Mfc 

ZtlX i^ft . •b/U08SB^|6jj6» 3 *(6J H?S^|6J A 1 5 Srfo fc L 

[ o o 6 9 ] 06tfcv^T, ?g?sj)gA • mtrnm tzmmm^-thtMzmm-h . -r=5r^. tsu^" 

cOie^ti, ae-feA'KOaaSi:, ««^50fcJ:lA'5 ^48, 49*«SHr;U^iiSB<or<a<fcRlfL-CE 

znm&nmmtmzm vz#> . *ryy>m*mL-m t:®mz-&mizmm? y^zmmz tiz£<o, m%. 

commztirmmtzztzzmi. \m^5oax *)wm,ft£mkLtz\mm.i:. «ss^APia<^T- 

V5 1 ^Lx^mm^mizmmLxaKzkm muzm<zbtfxz&. ztuzxo. mmcommm 

hs/kossbsj . r iefwsssj teaflLTof^. e* 40 -e^ -&7t'ttjg< (c&s^-tti. ; t l< , mum 

it. mtl$T7n>£*)ffif8.ZtlX^Z>, im?5 0frbmQmmmixt:&mzffiiZitZ>z\b 

[ 0 0 7 0 ] m 6 fcStf18ft«A • S . H«M=. TS«#'^4 9 (2, ««^F 5 1 <r> 

[0071] KvvvviiS.xtmm.**?) ^mm im?5i#bmommmivt:ffii£ : QKz-*t&zt 

iAy D y ^'4 4 fciU'-f yr/PSAx 'JV^'4 5 * ? T'# l> . 

a>. zti?tiftmm86.&&vv>T)vmi l r Et [ o o 7 5 ] i^-c, rBtownj nnmzftx, 

SSj fcSEASit*. 4MW)*»A^ , J>'> ? 4 4*JJ:W SBS-fe^aHHi (Wit/5 Ojum) A "9**aflB£v^ 

yr/l'iAy'J y^'4 5W2, 4MB»3R«*iJ:t^-9-yr Bt^rLTV^ifc^ff* Lv\ iridic, ?S?awJi 

^^«?«^y ^4 6fcd:^4 lWZtl?i\m.ZiX 50 IE , »c7)CT1i^^<-rft^t*^^ L< , flUttSDM 
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£50~800,um > L<l,ffl2 5 O/xmfc-f 4i 

tars*. — "^r, «£-fe/K3»Hw>«. *» 

[ 0 0 7 6 ] HtC, 06(C^t1§»A ■ ffiffiflifliti, 

tK« 9 V 9 GW+Z blzk*), »t * A*>a»rt K 

&< ztuzi*). m^^cr>wM^m-mmmim&] 
[0077] mt&*>v74^ wm^ofrhm 

0 0mml!ftJt{iS£<aS$-tf\ ^>7'2(i;, ffitttt? 
5 1 *»6tt2 0 0 mm»lfcflrBt:fflfllS-fr4i k* 5 T 

izmm&m-th&mt. l&mrcxt&zitizi: 

^jM-ri»E«i:^';^23t)^K?S^y7lC}t?SSr«gM-r 
[0078] {PIE^TI Hffi#>7 , 5 2(i. *§llc 

mijiz£^x®ffi£fflmtz>. *«wrii. Mj&fc/na 

[0 0 79] mz, mmmx ■ m&mmizx o . 

[00803 &®ma. m Kit. ^mzmx-tm 
izmMmtx&K. 

[008 1 3 & -r , ai€-fe/K^awrtc-*?->'7 , ;WR*« 

WSftSffift*. fflftfflHBfflV— f- (Trap laser) 

iwmmzftmmm&zmmu mmmntmm 

(Excitation laser) KJ:9I|j8U aaKftttOBS 
[0082] WT. HMicKffft. 



(11) #M2 00 3- 18985 2 

2 0 

1 [0083] A) 

(A-l) A'^8J1^ (COM 
tNCWS) fcU ^/l^SrNOffl (COMfcN 

oagw* ) c-r*. wm.9v94i z±.u<\wl±. 
if. mMz£>oimmimwL9y9izm<. 

[0084] (A-2) AA^fcNCfficU 
5 £ N OWC L s > 9 4 7 £±}fM¥ UWf 6 

10 7S: N Cfflfc L THE* >• 7fc J: 0 m\ VX t> J U 

j<)U75zuo{mzLxmj)izxt)mm9y9izm^x 

i>WtlX'h£^\ (A-l), (A-2)<^WfcJ:0» T 
Sit^4 9 * TjS»*ffilfc:# < Z t tfX't h . 

[0 085] (a- 3) rtvyszmi. J^76£m 
m9y9£.mti>tis>. zcotz. JW76*ncmtz 

L, A-^7 - 7SrNO«(cLT^ffi;K>-r^J:0iagiLT 
20 ti^L. A;wy62rNOffl{cL,TS^tc e fc'?IE?R^>' 

[0 086 3 (A-4) y^7'9^^#. A/l^3&N 
CffllJtt, ^r4*NCffl{C"f*. *NO« 

IMRS*ll»^^^t:ti<. A^6JNC 
fflCU A>7'7^N0|BltLT^ffi-ityr{Cj; 0IR9I 
LTt iv>Ls A>y6^NOil^LT«7Jt<J:DJK?S 

[00873 (A-5) A^7"4S-NOffl!JtL. WMW. 
30 ^ y ? 4 6 £±^}¥ L±(t\ M7J £ i OlSflS^IEffi 
^y^taK. Jbe(A-l)-(A-5)«lifWcJ:0. 

[0 088 3 B) tftftOSA 

-xss?s. e^isi/im. ?fiso.ian%) Srsus 
[ o o 8 9 3 c ) ffi&ztLfmfcimnmftcomn < b 

7 2: N Offlt LT»E# >Tt J: LT t J; 
50 l^U A>^6SrNOWcLTa^t«fci3S?R^V^£ 
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[0090] d ) ^mmmmcomm 

J-\)V79*mi. a>7 3 £N OffllUc U AW4&N 
CfflltU A>7'6£^t&. A/i^ SrISJfcU y'J 
yy*4 4WtXh>'£J¥UMf£fc(;: t }:9. ftMWmWi 

fi?»3l». AW5£NCffl!R;:U A;^72rNC« 
fcU ll£tfryr?i&3|-t&ii:ieJ: 9!i?a?y?(ezi 

[ 0 0 9 1 3 E ) tfi&comft 

wmmizxmmcD&mmcDm®. aw9£p?s 

A>y3SrNCffl!Jtt, ^>y4 5:NClCL, A 

Mffimm%-t>wmi,zm< . cwtifftcj: oawo 

ifc&Srff&o. iWifefMWtti. AW5£NCffliH;: 
L , ) 7 £ N c«K LT Bffi;tfy7*Ti&3|-f i> <! i: 
fc i 0 J: < ff & 3 Z t tfX'% & . 
[ 0 0 9 2 ] »Wl\ » • «fi««^*J^Wto 

4 5, MSMfy? (Buffer tank) 4 6. 4 7. A/P 
72 1~2 5. TgS*tt#'#4 8, 49. 54. 5 5. Pi 
E^y7*5 2. (Waste tank) 5 3.fcJ:tX 

[00931 H7 iz^-rmmx ■ mtammit. i6i: 

jft*Wi:Plt<, mLKSm. aW. Ti»#£ 
ftdU i*it:J:04Hlffl*«*J:<XA-Xt:«t/^ 

$%mx. m&xt&^x'hh. azmmz. z^m 
mis mmcomzmzMmzmmitztktZit*^ 

(BP*,. fcttOKSttHlfciB^S*^) ^^AW* 

hh<r>x-hh. 

[0094] ttzs me^tmtnms ts^#-#4 

B»t»*t*fc*fc«« LT V^* . £ Oolitic LfcE* 

s-fijffl it . mm-mmzm? \zm<?z 1 1 

<0«SSAP5S< * Tfflafc:*< ; fc h . ^ix(c4 



(12) #^2003-189852 

2 2 

JiSSWIHP 5 0*^2 0 mm«flfcfl«(CffiHS-li\ 
TifiBiy* 4 9tt««WF5 1 *»4>»2 Ommfffiflfcffi 

[ o o 9 5 ] im ***A*I*> 

m) LXtS<Zbli.. *»*X^-Xt«i-r 

[0096] ClTfe, 07£jj?t»»HRA ■ «aj««^ 

■wwcowcrw*. 

10 [0 0 97] A) 

mm.xmtzLxti< . 

[0 0 98] (A- 1) A^7*2 lSr^#, A/U7*2 3 

72 3*NC«fcL. A';k72 5 ^NCffllfrLTftE^ 
yrtcj; 0 fi^l IX t, X ^ L . A/1,7* 2. 3 $• N Offlilc t 

xmxfc£mmf>?tzm^xi>wtix'i>£\>\ z<o 
&mz* o . rmm^4 9 £x®mm&izm< z t 

20 

[0099] (A-2) AVPX2 3 5:Kt. AVU72 4 
*NC«*,L<ttNO«CL. Mffimfy? 47Sr±* 

4^a-oT)SM^>^(^* l ixS„ ^cOh^. a>72 
4^NCffliJ(c:t. a>72 5^NOWcL-<:^J±* , y7- 
fcriWILTixt^U aw 2 5 * N Offline LTM 

[0 100] (A- 3) A>7*2 2£08£. A*/PX24 
30 £NCMiL<l4NOMfcU 4 6 £-t# 

<„ A>7'2 4SrNCffliJ^L. AW2 5 2r 

NOfflJtcLTHE^yTtcJrOS^ILTtioL. a> 
X2 4 6 N Offlilc LT JtfJfc «k "3 ^ ^ t> 
fflfuctin. ±fE(A-i)-(A-3)co^meJ;0. 

[0101] B ) m\co&x 

A-^7-2lSrWt. AW23£Pflt. AW24S-BB 
Set. y'jyy'4 5cofxhyS-^L3itfCii(eJ:D. 

m. iftg0.lM%) *S!5e4r;UOaWt=»< . Wi-b 
ilofcif y 7V^(4. A*/U7" 2 4 * N C«fc: 
L. A';i-7*2 5SrNO«KeL. mEX>7X'®fi\t&Z 
tlz£ =5rfc. WMzji*)V>T)V 

mmmfiynzm^xh^. 
[ 0 1 0 2 ] c ) ffi&zivzmftmvmwnim ( b 

/F4MI) 

u-y-Kizi: wmmmuziks A-^72 1 s:^ 
50 -t/Koaa»fc»*, aa»rt«afes*i**»o^ia*s:«t 
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(13) ^2 0 0 3-1 898 52 

23 24 

v*t. Z<nt%. A>y2 4SrNCffl(cL, /^72 [ 0 1 0 8 ] fflfcMilflJl'— F-WHtttt, aWUf* 

5£N011fcbTI&lBKvrtcJ:9*3ILTfcJ:v>U fL^tffi*Sr«^-ri»*^< : 5rDa* U**«. SIS 

t:#>mti<%\\ z^mmzxn. u-if-fttjo nmzm< (jSPtt<ti2wuiTt) w&ztih. -m 

i o i o 3 3 d ) tttmm&omm i o i o 9 1 <iii-<^^>&^-c\ r H?ie^-^i^ 

m&LKft%mmimz. a/wx2 3£ncib!R;:u aa- M^yx4, tr-^xdrxny^-s, v>x6. 

X25£NC!RcU llE^^T'i^l-f i:K:J: 9 -7. U>X8. -y^A-7 = 7-9, °*fft 

fI$*>-?(3lvvckJ:^U *AKiOIE?ffi^y^t ^yXi o ft l>. d*L£>ft^4~l ott. 

ffitt*«*4fcA. tfyXOfl!fflteM£ I < [0110] *ffeBH^§6Bt*JV^ , yXfc«fc & 

[ 0 1 0 4 ] E ) SSBOij^ Jfc3t3K*»(i, *flo£#¥*i: &-?Tfc 0 . m&WX 

ftimmizzzimv&mmcDwmk. ^22^1 20 <omp» (na) T*4i*#c«^Hw*t:. r- 

A/^2 4SPHfC, «MRK^^4 6*±*A.ff tiXZtlk £Hz%^X^h. Mil*. 

fi^S. Z<7)k%, A;l//2 3SrNCffl|tcL-. A^X2 0. 9X'h&. 

5ZNCmzLXtl&Xy7X&3\-i-lZb£.£ [0111] SfWfWgfflW— f-m£-J±\±^ n>M 

£<mm<?)mmmozbtfX'%&. -wyxA^zxw^-^t^ti. t-Ax*^ 

[01 05] CffltttffigJHl'-- «f-3iaf[>*t:> rfliffe y^-5fcJ:9t*-£ttg£*&<*6. **>a, 

»3*i4U-1f- (OT. fflttfifgfflU-if-i:*,^ XMm^yXl O&Urtii. tmuyxi OHrLfc 

o) a.. m&Ltc^mwiH xizmtx . zemmts 30 3Kh*-A*jte^i<oaaw^Bir«<offlBt^tei£s* 

V*tt. ffimmis-V-ZWRUzmz, <£<^-if [ 0 l l 2 ] fift^S&PWJfillftgJi:, 5 5-7?) 

Co 1 06] xmuza^xtemztiiis-^-ii. u ■fhzttf-czi. tti. tmuyxi onymnfan 

-if- r- y v7X'mmzmztiz>i><r)?$>tiim%. m^zx o , mfr^tov^*<^i«ti{it««t-6 

Ztvfs -«(C4 88nm (T)VdyV— tf-) -10 .1 fc tfT'^ £> . i^J: 3tWB ■ iMIP^LT, StS&l*l<7> 

6 4 n m ( N d : YAGW— if— ) *>U~»f-£ttJft ^Offl{lCfifWlllSfflU-1f SrSMW"* £ k*^Tfllt= 

Sifcj^-C**. 0"Rtf, iSI85 5ntn^Cr. Li £4. ££tffi£OtM»i, tSSl^JftW$ai«affl 

SAFi^-if-^ffiffl-ri>ii:*?T-#S. n u-if-tco(iaWf|-<:i** > )'c»ni.t>WS)l»* { , £0 

d : YAGU-if-=5rf<0#^llf*:U— if— 40 CI k tOV ^X IWcifct %> . 

-if-^rk"S:fflV^t,J:V^ fti Kit. »*7 0 0 n [ 0 1 1 3 1 *J3. mffitim\'~f-&m$tLX®.fo 

mt3±nmw)\'--r-*m*&. mm. mm ^mttimtza. mm^yrm^mtx^x 

txm^yxmL^V-f-Vy -yylz^mm-h hX^.L. miLx^%<x t X\>\ 

fcftCtt. 8 5 5 nm<7)^f)3 0 0mW<7)C r . L i S [01141 ±jfi«J: dCLTffiKrtKiOtS-iirJtJtt* 

a f v-if-^ffiffl-ri. i k tfx-i h . -a*^ mmmnzm^x&mtzmftt: 1 ins 

[0 10 7] ^rfc, V— f-cofogbffi&Ztim?-? U#S. ^W«^^08tw^-f. H8tc^-f k£9, ffl 

-fXfcWWftto^TJi. PL<(i. W.H.Wright, G.J. fWlffiJBU-if-^)*t*-Ali, m&VyX\ OizX<0 

Sonek, and M.W. Berns, Appl.Phys. Lett., Vol.63 HftSflfctt, SlS-b/H <0*ffl^ 1 b ZMMIX . 

(6), 1993. Radiation trapping forces on microspher aSSl cft<7MM0)tp#&tfflZ7*-#X%tl. ffl^co 
es with optical tweezers<afE»£#!83totV\ 50 SSJR^BSSttS . ffl*Hi*SB»rt"CH 
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2 5 2 6 

[0 115] «Slllffl»C rung^a^fli LTV^ibHW*. WKHIWSWBt &feA<OiBBfflU 

«I»*/l^)SB»WHl't*fcftO¥Rj Con tt. HW=^raWK««*LT*J9. ttJBU:*** 

Rtit. ffltttf*^£«a-*-*fc*>*>*»2 kSffi-fft tf. S3fc»«k LTn-rS VT'y-VfcttfflU:*^ 

£k#?Sft. iot, MfA • »m«l«KWri.± fc»4H*r*-U— f- (473nm) TMR£&ffl 

ffiSKHiiHaSflfcn. Ltd$&teiT>V-4VV-f- (514.5nm) Z&Wit 

[0 116] ddf r*ffi*>4>)fC«-fftj kli. H ft. 

SkSrftSaKtfS ' *SS<0H|-Cffl*tft*fC^6«^ 10 [0121] 4fc, *H»W}B«"Cli»j8ffl k-lf-3t 

ii. «^i*«w^■f6ty^^^3rf■F&3 , »±iot*o. ^<r>i^>mv— f-ffl&iz j: one 

h^j79v^i~Yi5' *mfrt>mtzwm&zt& [01221 <m-<7)%&&>m^x. rmsmis-r 

[0117] rp^j «. 3 ' m&t,e>** J * ?V U unEffiJfclftll^flJKJItHfiB-rftffiZ^^* 1 2 

*f-H*— o1*oflJBrfftx^yjf^l'T— tf, *ftn ~14. fcitn 0 j \,z-r>\^XWMh« UX&Mt* 

{±5' ?W3|-f-|«fc— p-ToflJBr-tft aiM-huvXl 2, t'-Ax^;^^-i3. 

xdfy*?U7— fef4k\ 3i:tjgiRtft£t#T-#ft. -f ?u-f y ?/\-7 S 5- 1 4 . ttftUyXl 0*>£>« 
Miff. b*I . T7jKU*9— tffctt 20 (KSitft. iflfc^JRl 2~1 4, fcitfl 0J4. U 

ffl-tft i k#T'£ ft. S^O*-f ft»*JStt(i, Bra — P-ttil 1 1 A^!±llt$aft*f-A^li§±ti<?) 

^»Rj£-^ffdKHrtT'jil:i5^^ft* J , ft£l< IfCEHSftTnft. 

ti. 10~200nM^tt£#tftP?lffi£®ffl-tft., [0123] JlbiBfflL !f— 3te» 1 1 *»^><03tt*-A 

[0118] BI5CSWB»»X-»aj««fc:fev^. tt. 3ijy-M/yXi2t:±0ffTt'-At?^ b* 

3*1, st»3&><s>»aiffl^^2c^k»a]Sfift. ±a a. ^4?n>fy?^-7 5 5-i4c±«5*R*iiwf 

cOkfcO. ^JS^M'F^^SSt^-r^^fi, xm&WX\ OC&Mlft. msuyxi OiitLti 

xE£fJi8Ut9^ft£kC19ffdc:k#T#ft. £ lirft. 

fc. t-^-IBftJlfyrtJ: D&i&offiA. »aj*tf a 30 [0124] HsefflP-if-iOaBlrtTcOMIteiHi, 

<rkiT'#ft. y^^o^f -y^^-7S^-14^KSr^ftC:kt 

[oi 1 9] jtta^Lfcktjo. iHsaoaKSKfe^ «B<^33ri*iteonTW8t ft ; k ft . 

$*rrft- k#*ii#cB*3*vtnftfc«>» «g4 j: a etas ■ $W£ l-c, CTrtcoBfs^sciaeffl 

*HBHtfcv^TSa*Wr7t^. U 1fS:^S«-ftJ:k* 5 ^tc4ft. 

— f- V 5 7 7C J: OHWESiiTV^a^jWSWfT [0125] J: oT*H*«!0Jgffllf{i. ±}£<9ffiftfflffi 

fi7t ; &/7^^7f^K* i X7'>>-ai!)^ t t t 5ffi«^[6l 40 08JBSrtt:7*-*XS-frft. 

ic^K l . wBrsnA:JB«f fc * v** Yifwttt [0126] ^^zti^x&mmmmmui, tm 

mm X5 *? vwmm-h w&comLif-mt 4ft . «. sw«-b;^ssKrt (owe^ttiPW-ciMt §a-c v \ 

8«w«M^J<o<Wf«**l«ft4fc«>fcli. fflffiSix ft£<S* J $)ft. ftflsWftitt, «aB?(IJWf^rt:St*-A 

Tv^ftM^W^v^iEffl^fe^T^tMv^ff* ti. 09^-fJ: o%W&X'%3&MzmaiZtiX^&'& 

l^. ?%h*>, sK9(i, m?-Sr^— yXLT S*«ftft. T4*>%, ?M*^ixT^ftaSS^±ST% 

v^ft^ ( l — if— aiTD ) tcojmxms.ztL& . -* nwnfifflu— f-c «t ofa^fflHfi?^. ^ts-c 

tc, ataUHRtO. 5mm/s~l 0mm/stC|Sg$ ffljgffl U— f-* { Mlt $ ilf V > ft i^A^ ft . i«J:3 

. mm . i mm/ s icis^$nft . titteoffiiNfluc =t o . ffl*t*a»s*ifc«ii{S«i« 
[ o i 2 o ] <«bwi/— if-*io*fc:. r^ie^ 50 tttJzvvx+Yi.mzixrjmzmimv-? 
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[oi27] %t-ox, mmimmmz ±.m$Ln&s mmm o xwi^zumztih . 

m&x'mis-'f-t'-j+tmmti&x o t. w#t* [ o 1 3 3 j <jwf¥a>*ac, rfnejKmaja*** 

%< t fc-^b-A^awj^ffiiKSfts-fr* c: t ^ta^2 o x vftbtitzmm^mm i 9 « 

=Srifcb*-^<o3eB<oM«i, *b*-A*Rgittsfe«xo io mmat. mmiox-XMwzgmz 

(mtrnziiw in* y ?a-7s y-9ttz . fut3i£»*tt, fi^5asa52 1 xmsmfcznim* 

[0 128] ^EWJWW^IIU-ir-t-AfiOBfje **U ;WXR#lt«3*U nyt'i-^Hffiifc* 

<oft«!4. *» u yxwttz a^xmis -^-tmtiti *§*u. <t-f$W2 2(±, ayha-^cg^s 

2 5a mJKlT ) ffiatt* £ fcT ft I. . [0134] <fi^Jtjg^*lB^«fcftoaWi> 

[ 0 1 2 9 ] CO J: o (C. *Slil(?WKBTJi-o<0 fltt H 2 C^^f£W®®^S«ii^j&5EilS«4. fflft 

MKZ-£z>zt #*rirc* * . l*> l . 20 KSKHftfcsBSf -r * tzwvm 2 4 . sawn*** 2 

9fJ^^iiati. -O(0»l/yXtT2o«It'-Aj; 5, 26. 15. 1 0sWR»3#VOV&. 02C*S^ 

UyX{C"CSSf*a*4TTfcJ:^ («j*t*»40« 5, 26. 15. 1 Ote. VVX2 5 . "fitt 5 5-2 

rn.mmai.xmi 3*4m) . 6. i^yxi 5. tmuyxi o&t>m&ztii. %m 

[0 1 303 <*=tf»|fi¥#><K£, rKffe^gtcoiga 2 4*»feWB8HB3tli, 1^X2 5 £364 LT "JUS 5- 

*^yS»LTV^«3l£^*»«>0«3t*J«<«fe3l61-4 2 6K± >5»^[*]'vSftU PyXl 5£iBlL 

»=<o*^*i o. 1 5~i 9 j K^vvtifcBH-t&o is musyxi cuzxfttfi&®i l zm/£Zti&. 

im^yXl 0 . b-VXl 5 . TA-f-*- [0135] Srfc. **%^B(CtJV^Ti<!0*»tJ J: 

1 6 , KBfcU JOC 1 7 . I r # «y h 7 -f 1 8 . v< tfB8^fc^fcfe&-f I t>&9tCl$&\ t£oT. flfeffl 
VY^xy 9frt>ffifSLZtl&. Ztih%&& 30 L&v^ti. ^t&S5-26£g«St&£fcfcJ:9. 

1 5-1 914. «3l^^feiJ*S<ii9t36<Wl£»±t: ^^EtTllgfflft^^K^hLT t *\\ 

ZCOmizWMZtlX^b. 4*JH2 (CtJWC, JffliUy [0136] ifc, H2t^-r*Hii^»c7)^»iB?i| 

xi o t . ayK$fife«3t*«aj-t4S*»2 o t wn&a&Mt* mm.wt<^rx\ mwm&Ltzim 

i tm-i. &tm-tz>tz#><owmm%&m o . 15. 27-2 

[0131] S»Wf«i. ttttuyxi oi 9. iiJ;tffiHR^R3 0**l!tlS<tTV>S. H2£fc^ 

ffljfiL. l^yXl S^iOT^-f-V-l 6(Cfe«S TflWfflilfi*» 1 0 . 15. 2 7-2 9I±. WkWX 

*Ofitffc3ewyXl7tJ:'35Kfc»20<OS3Kifit: 10. UVXl 5, ^BX'JXA27. Ayh';«7^ 

7.r-^X§-it4„ 9E36892 0<038*ffl(iOllW5rt:. I r ;U^-2 8. U^X2 9*^«$ix. »ffi#S3 0 

*yb7-fW-18. *<y Y**X7 4 Mt— 1 9 Srffi U. CCD*^5"C»i. !H!J!*tWtt*<lfc»*fieH 
SL. «*S«*»fe(iOS^*a<5?3l6»2 0tcS< <t -5 40 *>4>*>R»#tt. m&VVXl 0 . l^yXS- 1 5 $rji® 

(C"t4. Ir*^7^^-18ii,»;H«I L/tf£. 'SISftXUXA 2 7 1± 0 CC D*^< 5 3 0^[6] 

%t%&Z<r)S 4 X%&i3»/Yth. 36ett*atRW{^SftSiir, uyX2 9*ttl/CS«* 

-1 9{±. ^^03ewSr^^tji3S$iirS. S (CCD*^5) 3(Vsi8&*i*. -^51:, »^ 

[01323 <3t«tB«><5i:v^ . f Mxuzmmm mt/t&mt. c cd^^< 5 3 oti!W!WtcS3Ks*i5* 

**8ttl}*2 0j iW^TMIt*. *«aj»2 0C 

(±. 7^'5Vyi7* hZ-f*- H, ftSV^±jtem^*i [ 0 1 3 7 ] **J» H2fctJV^TJWffl*¥*t5J:tXSg 
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¥%b-&1*i£hZb frmx-h h . ttz. *9ffi<?M 

[0138] \_w,2<nmk<r>Bm mz. xwnom 
vmmmmizmmmtmfemwiz^x , 010 

[ 0 1 3 9 ] IS 2 iOHJSO^ffi^a^W^^i, ^ 1 
(^1-30) tMUT(i|Sl«^S:#L-CV^S. *H 
[0140] ZOtzib. *mM<VBBX-U. mim\y- 

■v-XMt ix . fflm&v>m%z> 2mm>v— 
mtur/nyf *yis~r- <** 514. 5 nm> . s 

ttTVP-U-lf- (ifcg473nm) Sf-ot, 
01 0tfc(t&*HttO»«<?5gBfc«. J&jgfflU— +f 

-#* 1 1 izint xm-owi&mis—r-XM 3 1 
[0141] mzoagfflv— f-3t»3 1 *»fc*»fct* 

K. 3'J*-hU>'X3 2(cJ:9 3 ffifc'-.£.fc$*w t' 

s 5- 3 5fc itf 1 4 tj: vmiw xmtvyx 1 

0K«Wl4. iil^>2o«0ll®fflW— V-%Ml lfc 

izmfrtii. 

[0 14 2] dcoidfc. »*»S*$r* 2WB<0U— «f 
-£ffl^*£i:"C. 28»aStf»K£lftl&*-*«ri:a { 
2aScOS3KttMi: LTii, Witf. o-/S 

y^y-y (rg> bf-h9xi-iun-y§y-5-' f 

yf-*5^T*-h (TMR) £ffiffl^6Cirt>'T'#S. 
D-^Sy^U-Xi. H^y^-V-lf- (473n 
m) tiOIie^iX. 550nm<O8^)ffifc£ifeStU 

fh7^f^n-/sy-5- -f yf-*vr*- 

Mi, TA^U-lf- (514.5nm) tCtOHiES 
it. 570nm«OttftO«3t*Ja«-4. 2«H*>abteft 

[0143] *mmnBBX&. ttW 3*ufclWr4»* 
<7)&miM<Mt%®.fklzGbitX 



(16) #S2 0 0 3- 1898 5 2 
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fcjem^i, m#*aa»2ifc:-c«His*i, 7*1*5"* 

-3 7£iIoT. «t»3 8K-C5Kfc*il4. S*ts2 

oj6^cofi^-{jfi^agp3 9(cTMa§it. 3^ 

-> rz^m i mmm u -^-xmz 7 * - fx* ? l 
10 x , a*« h 5 vTzmmti z t ifiX'% & . 
[ 0 1 4 4 ] £ 3 * 2%mcomj£m%&%<r>m& 

(i, SI 1 <0gSfo7»BSI(cfc»tS 1 SU&OJftgffl*^*: 
H-<0«WfA4. i«J:afc:LT2otfWfc»t'0^ 
[0145] m2^Sfi£7)»»^ati. &T<Ofib££ 

*rt*. -r**^. iia«»&cHi»K2WBtf5a3e«) 
[ 0 1 4 6 ] &*s, *%wM%mw5&mt. 30 

3S«om»«^fflV^TiS»5ri^'J^t^KOtg 

mmmyifet&zbi>X'%&. mnz3^mnw& 

[0147] [^3^HM^ffi] *(C. *fftWtf5S53 
OSW«»|Bt:ffi4*aa»««seKlt:ov^. 01 1 
30 MHULTRBW-*. 

[0148] ^3«5D|ISS«0^©^**W^«^«±. mi 

nmmnmm bntx-hi. 01 1 t^t* 3 o^ato 

JK»fc*$v , 0 2 fc Stfll 1 ^SBMKWBii fc H-=flr« 

nn^EHiffKBtcu. micommmmbnm, is 

[0149] ^mmnmmx'tt. ffis&zffiitzm%*/\>' 
b lx , 0 1 2 cjtft «t 3 ^nam^weH:^ 1 ' * 
40 flWH-ft. 01 2u, 03 (c) ^^^D'r•l»0•c••^!) , ). 

[0150] SBe-feyP 1 ' W^jtJi. 0 3 1 SWH^-fe 

comi&t&mcDA-tfmtyxh&wzwi, z zx'tmt 

5. SJS-fe/H' ti. ^^^^ 
[0151] Z<Q£o%ffl%.*>l>l' zi&m-t&zbiz 

50 io. a*e^*qtifis*ifc«jiis:iS(Pts t&xwm 
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I. -t+th-h. 01 im>T. mm%&%43. 2 

8-2 9 (4, Jftgffi#*»-C*4HftWy>Cl 0*»&* 

[0152] *Hit^ffiT-{i. Aoyy5yr24C 
■tSSaaHMSfc, SMMHBJBl/— f-3lcJ:**t-A 

< A<*-2 8T'&g&fc^3foW£>M^tcjg)S3 
it, >yX2 9SrtfrL-C«ffi#g (CCDW5) 30 

■en*-*-*. 

[ 0 1 5 3 ] 4fc, *^OSaiS^^S(i:, Ell 

1 llcfcwc, fflfWBBfflV— •f-Sr*«3*»^>ai3g-b 
;l^fc»<H-03K^^, HfiBfflU— f-£3ftSl 1*» 

4 1, 4 2* i ISS§ixTV>|>. 
[0 154] i^idtc. »&Jffifc^£ 8D0ffil£¥iR 

mmti z t tz%&nv. wmmi < & o . fitter 

[0155] [SUtfgBteOJBS] *«W<0»4 

<nmifo0)BBiz®&mwffl\m%mmz'?^x. hi 3 

[ 0 1 5 6 ] ^4 ^at«»»<o«*w*fli«ii. m 1 
cr>9m<oBmtntx'b&. 013^^4^^ 
wis v ^,12 iz^-rm 1 <oswt<o»jiik h— a» 

mi^ni«>m(cii. * 1 <rmmmmt nm. 1 m 
m<mmm*mvxim.<F>iaM zmsmm Lawm 

[0157] *mmcoMBX'&. m3<7)mBkcoBmi<zi& 
&mttm». mzmtKmMwt ix. 01 2t= 
aft-* 0 %&wmnM&w 1 • zmti . 

[0 1 58] .r<7)J;3&ai5£-fc/H' Srffifflt^dttc 

mmm. w%.m%&m^ftmzitizbtfx'* 
1. ?%bib. mi3izts^x. m>m%&Jk4 3 , 2 

8-2 9(4, SISffl#¥*"C***fflll'>'Xl OA»&S 

%m o$xv>wmbtin%ixx^& . 
[0159] £«=t dtc, jtwHa^fcaisfc*** 

%<\<F>WmZfe£;-th £ t i6*T» S b b t fc, JfjiftS: 

8m~rzztt,z%hcr)x\ m&tfw&K**). ta*^ 

X'Zh. 

[ 0 1 6 0 ] jjfc, *mm<nmmxu. ^mmmzmfe 
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•fe/H ' * ftffl-f 4 ZblZX*), fiftofffiffl f- * 

llSii-SCtd^mt^ft. 1-&£>*>, 01 3£fcv> 
T. fM0#¥»4~9. 4 3(4, »ZW*^jRl 1~ 

14, iots£i/mzm%&&io. i4~2o*»^ 

fc3*VO**. 013(CfeV^T, ffl(WWiffll"-1f- 
(4, SJ^/t'Oiffia^ASf LT^rtfc&#U BiB 

10 ft-rs. 

[ 0 1 6 1 3 £0 J: 0 tc, ffl(Wtffi«P— (m 

t:, mytt*iwtb*. m-oyc&mMLxmt®. 
mzm&i&wi£b&&KMz&mjE%&%tf<mb% 

til. Ifrimi 3<7)±olc, ffl*M!SfflV— f-ti 

?tWmzMfiMm*i!ihitlZb1Mmiz%l. 
20 [0 162]^. ±E^T<0^tt<WBJ»t:ffil.«fflE 

[0163] <ttSE*Jfcjg#ifc>aK:. *?WBo«* 

nmfenmz , ±^oimsrfflv^TfT act **-c# 1 . 
[0164] *^H^jgaffi?ij^^s(4, »*fimfc 

u&xh-ox. 

zmmfc&wmizm-tijmb , 

3) «nESH»rtc, m&mfrt*/*?*'**** 
mifrmmmmm.imjMb , 

4 ) frlSgEfg?S(cJ; t)tm*tit: : £S??l'*1-V<7)m 
40 v^abHMfSrJBKIIllS'tiXSk , 

sriiij^ai 1. mm* titz&MzmtmMimm 
mmti-xmx'bh. 

1 0 1 6 5 ] #4 UMWHcJSVvr* *^oSSie?i| 

mmb &nmvxmmm uztrntttm $ wzmtb 
M$L*)\sbLx, mizmzmts utt-*, 

50 tfflivtwHOTittiOMs-cjboT. 
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2-1 ) mmmmzittzmzmftx'is-i-'- 

2-2) lulBlStiOMig^ii^ffl^. «3HMrc 

2-3) wEawrtcfcvvc. wRWkzim-t&izto 

3) mmmmz, ma m&+i*sx ?v*+ 
^m-hmizmi-tmmimxmt . 

MzmmmLx^&mmnmizmmtxmt . 

[oi66] *mrta&mm)&xmzti&to 
viim&£VWfe*Mz^xte. iMwmwt'&VT' 
hh. WT. i ) ~5 ) <r&jmzr>\\xmzwm- 

4. SSi^J»5S*i6<0^oaDh.t-3^Tli. 014 
[0167] 1 ) #ffiKfta*& 

[0 168] 2-1 ) flftofflffi 

tm i i> . ®& i ffl**j«ESixfc <o . ss»+ 

v«LT*$<fcJ:n. C1CT\ S1fePlffi|&8*l&R 
ffltti, (CCDW5) tiOWlg-tS^fc* 5 

X'Z £ . 

[0169] 2-2 ) ffiffiLfcfiffctes Sfflft'iSH 

amsiut«»» : F*«f«rs*iTv^ii:t. newt 
mmi8.Ltzvmx\ ®m\'-?-ijm-rz>. z<r> 
-tntiemm-yxmmtitzm.mmm-t, zn 

[0170] fcWC, «j|flMt!&»&;Wlt S<lfta3t<0* 

tvy^ivx) iz^mztixmsiztLZ. &mbizm 

*>,??y*?vYJA ix msmm tm 

s. 
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[ 0 1 7 1 ] 7 * V WWXRtfUMJ: 9ffi<»3&tfl* 
BJSit**»ofc«^ (7n-fY-ht "NO" oft 

<mmmwz*Mzm i . aassisBCTSBibwuaj $ 
[ o 1 7 2 ] 7 * h »v\,x®.wmm£ <a&&w* 

iti3*Ut*& "YES" <0*£) . 

io iflEi^Kmt tx^ht matii . 

[017312-3) «ffi$*lfcffl*ttt!Wm t ft« 

mtimz. mmmtiffiizim%m%.<?)im (09 

-if- 1- A t ft t*»±fc* -> fcfifWWBffl f- 
[0 174] ;;T\ ffl*MJEffll^— f-t$t&/*.lZ 

ummmi'—f-t'-AZi&wizit&mMii. m»uy 
xwttza \ ^x mv-y-i)mh.tz®.mzim ltv *i 

30 m)^W$-tirS<. 

[ o 1 7 5 ] 3 ) im mcomx 

izX*)s iW:ttfLTV^MOT7i!?WfF 

[oi76] tifmrnzstsMmmt lxh. ioomM 

Tris-HCl (pH7.5) . lOmM MgCU, 2.5mM DTT 

*®m-th ztwx'Zi. ftMwmiz . 10-200 n mo 
40 jstt*^rt4x*yjf^i^r-Hf. T7^y^5— tf& 
if «r«»f 4 i fc 4 . ; <r>wmmx'm&x'ttM 

[01 77] mm. JtawtfeO, tw^?/7 

Z 1 1tt®&m. (TPS) X'iboT, ffifrtf U-if- h 
50 [ 0 1 7 8 ] >5rfc, S0»rtt»«*«jS-t4SlfNi, S 
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ffo&WKrtcTH mtLtmM$5.tf± t%\^o izn 

tztbX'foi,, 

c o 1 7 9 ] 4 > mmut 

iMmm^mfflTiz&^x, CT^oiaeffl^— f-<n 
m&w m-h. mimm ^zmm^Ktzm^x-f 
zmzx'o. ^mmmmtx^immmm 

xzir ixmfemx¥mzmfrti& . 
[oi8o] 5 ) t&mmnnmA-wo 
mvzmmmmLx^&mmmx*). mm 

[dsn ot. ®Mcomm<7)mMtm.mmfm 
t zttmmfxmmMmitzMftmzmif&. 
[0 1 823 mum i6 t, iwMnw&Mt*m^ 
tdn Am&co i mmzmmmitztttfmuz-o^ 

i o 1 8 3 ] h+. r o j x m 

a*5r^ik*5^. &8DNAtf>4ffiB<0SStf>3^ 

y£«jfcii»u:k«o*i*Bi-2. ^sy*a3e« 
[0184] zwxdiz, m-nm^n-zmmit:® 

DN 

[0185] 4fc01 7C, 2«»0Si#1**£fflVVC 

[o 1 8 6 ] bm>, r oj mmmzmmiKA (mi 

tfTMR) cisaaWftfiriitS:, r«j ligaist: 
3»ft B (MxtS'RG ) l/ZXi MfflfiHh £ t * . 
r xj {4Kffl«cS3(SHrtlfc:J:4iHi*<«:v^fc** 
ISPDNA04ffi^c7)tSac7)5*>, Tr-yfcit/ 

/r- > 1 2 raogttMff a . b -c^n-wiawdimi 

W:fc*>£ttfl2-i, + §yisiVi'hi'y&2Wg. 
*)»5IHMIA % Br*^«UMMHiUfcfc«)*l*« 2 

r. 

[0187] ioj: at=2WH<oa3t»«*flEffl'tt 
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(HI 6fcSttW) i: VM IXffl&fffiX&nmfe 
Z'fioz\t1Mmzts:h. 

[0 188] ttzmi 9t. 2®&0£#SMteJB^ 
T, lS^«0Sai:^<7)flfe3S^tgai;5:l^iJS^U 

^xmummt zttfxz & . 

[ 0 1 8 9 ] H+. r Oj {4Sffl*K3t3iaWlA (fli 

io ifTMR) izxmmm&zti, fiimmz 
-r. isHDNA^aawBaio^^. rr-ffca* 

ftKA"CMRU ^ft«0JS« (G, T, C) S«36»- 
*B-CS0ttLfc<>tf>£Kfl3-l. ?*7-y£®Mt 
Atfl^U Z<7)MCDi&m (A. T. o *«3ewntB 

ist, -ewffico&s (a. g, o zmmKBxmm 
[0190] znxstz* 2wm<vm%m«£mix 
[z-o^xm^ifmm^ixhXo^^x', mimnfe 

£ft±.Z-£&ZttfX£Z>. ?%h*>. 016. 017 
tznttmn* o lzmittf®MZti%:frit:mm<7)$l& . 

[0191] **J*»WO*ffi»±. 1 ocO^-^IS^tC^ 
LT, DNA^5-^i.T«^HIOffi5iJ^r-^5rK 

aiwxas^aBBiMi-rs^^-yu. 01 6. 01 
30 7 . iia'0 1 9 tzTfrtmizmfeztvf. wgrngtz 

ZttfXZl. 
[0 192] 

[0HOffi* ; 5rl^] 

40 [01] ^mn^mm^zm-ri mm z 

[02] *%.wcom 1 <onsfe<7)^®^i. aaie?ij^ 
^ga«^«^^t0. 
[03] w&*>wmm:mm. 

[04] ace-b;UO8!<O0«*^0. 

[05] mmmx ■ mmmcom^^-t 0. 

[06 ] iMA • «a5«««ilWBrf^)W*wrf 

0. 

[07 ] mmmx ■ mmmnmmmmzm-t 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a base sequence-determining apparatus using a confocal microscope. 

SOLUTION: This base sequence-determining apparatus using as an analysis sample a carrier on which a nucleic 
acid labeled with fluorescent substances in a state that the kinds of the fluorescent substances correspond to the 
kinds of bases comprises a measurement cell having a flow channel therein; a means for transporting a suspension 
of the carrier to which the nucleic acid of the analysis sample is adhered; a first laser light source and the first 
optical system for catching the carrier; a means for adding in the flow channel an enzyme solution for sequentially 
cleaving off mononucletides constituting the nucleic acid from the terminal; a second laser light source and the 
second optical system for exciting in the cleavage order the fluorescent substances labeling the mononucleotide 
bases cleaved off with the enzyme solution; the third optical system for sequentially focusing fluorescent lights 
from the fluorescent substances; a light detector for sequentially detecting the focused fluorescent lights; and an 
analysis means for reading the base sequence of the nucleic acid from the identification signals outputted from the 
light detector. 
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[Claim(s)] 

[Claim 1] [ are equipment which judges the result obtained by a predetermined reaction by the existence of a 
fluorescent substance,/, and sowings, and / the carrier which is supporting the matter with which this reaction is 
presented / the condition of having caught by the optical trap ] The measuring cell which equipped the core with 
the watercourse and was equipped with the transparent field for making an optical beam penetrate into said 
watercourse in the equipment which performs a predetermined reaction to the matter with which this reaction is 
presented, The means for conveying the suspension of said carrier to the watercourse of said measuring cell, The 
first laser light source for catching said carrier, and the first optical system which condenses the optical beam from 
said first laser light source in the watercourse of said measuring cell, and catches said carrier, In order to judge the 
result obtained by said reaction to be a means for maintaining the fixed rate of flow to the watercourse of said 
measuring cell, and conveying to it the reaction mixture for making a predetermined reaction perform to the matter 
which said carrier supports The second laser light source for exciting this fluorescent substance reflecting a result, [ 
signal / which the second optical system which condenses the optical beam from said second laser light source in 
the watercourse of said measuring cell, and excites said fluorescent substance, the third optical system which 
condenses the fluorescence from said fluorescent substance, the optical power detector which detects the 
fluorescence which condensed, and said optical power detector generated / discernment ] Judgment equipment 
characterized by providing an analysis means to analyze the result of said reaction. 

[Claim 2] The means for being equipment according to claim 1 and conveying the suspension of said carrier to the 
watercourse of said measuring cell, [ and the reaction mixture for making a predetermined reaction perform to the 
matter which said carrier supports ] Equipment characterized by providing the member by which each means for 
conveying to the watercourse of said measuring cell controls the flow of a liquid without making the liquid for 
conveying each solution to the watercourse of a measuring cell piped and conveyed produce pulsating flow. 
[Claim 3] The means for being equipment according to claim 1 or 2, and conveying the suspension of said carrier 
to the watercourse of said measuring cell, [ and the reaction mixture for making a predetermined reaction perform 
to the matter which said carrier supports ] Equipment characterized by for each means for conveying to the 
watercourse of said measuring cell having possessed piping for conveying each solution to the watercourse of a 
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measuring cell, and this piping having branched [ near the passage inlet of a measuring cell ] in the direction which 
goes to the watercourse of a measuring cell, and the direction which faces to waste fluid. 

[Claim 4] It is base-sequence-determination equipment using the carrier to which the nucleic acid which matched 
and carried out the discernment sign of the class of base and the class of fluorescent substance was made to adhere 
as a test sample for chemical analysis. The measuring cell which equipped the core with the watercourse and was 
equipped with the transparent field for making an optical beam penetrate into said watercourse, The means for 
conveying the suspension of a carrier to which said nucleic acid which is a test sample for chemical analysis was 
made to adhere to the watercourse of said measuring cell, The first laser light source for catching the carrier to 
which said nucleic acid was made to adhere, The first optical system which catches the carrier to which condensed 
the optical beam from said first laser light source in the watercourse of said measuring cell, and said nucleic acid 
was made to adhere, The means for maintaining the fixed rate of flow to the watercourse of said measuring cell, 
and conveying to it the enzyme liquid which cuts the mononucleotide which constitutes said nucleic acid 
sequentially from an end, The second laser light source for exciting the fluorescent substance which is carrying out 
the discernment sign of the base of the mononucleotide cut with said enzyme liquid in order of cutting, The second 
optical system which condenses the optical beam from said second laser light source in the watercourse of said 
measuring cell, and excites said fluorescent substance in order of cutting, The optical power detector which detects 
the third optical system which condenses the fluorescence from the fluorescent substance which is carrying out the 
discernment sign of the base of said nucleic acid one by one, and the fluorescence which condensed one by one, 
and generates the discernment signal corresponding to the detected fluorescence Base-sequence-determination 
equipment characterized by providing an analysis means to read the base sequence of said nucleic acid, from the 
discernment signal which said optical power detector generated. 

[Claim 5] The means for being equipment according to claim 4 and conveying the suspension of a carrier to which 
said nucleic acid which is a test sample for chemical analysis was made to adhere to the watercourse of said 
measuring cell, [ and the enzyme liquid which cuts the mononucleotide which constitutes said nucleic acid 
sequentially from an end ] Equipment characterized by providing the member by which each means for conveying 
to the watercourse of said measuring cell controls the flow of a liquid without making the liquid for conveying each 
solution to the watercourse of a measuring cell piped and conveyed produce pulsating flow. 
[Claim 6] The means for being equipment according to claim 4 or 5, and conveying the suspension of a carrier to 
which said nucleic acid which is a test sample for chemical analysis was made to adhere to the watercourse of said 
measuring cell, [ and the enzyme liquid which cuts the mononucleotide which constitutes said nucleic acid 
sequentially from an end ] Equipment characterized by for each means for conveying to the watercourse of said 
measuring cell having possessed piping for conveying each solution to the watercourse of a measuring cell, and this 
piping having branched [ near the passage inlet of a measuring cell ] in the direction which goes to the watercourse 
of a measuring cell, and the direction which faces to waste fluid. 

[Claim 7] The light source for being equipment given in Claim 1 - any 1 term of six, and irradiating the 
illumination light in the watercourse of said measuring cell, The optical system which irradiates the light from said 
light source in the watercourse of said measuring cell, and irradiates the illumination light to said carrier, and under 
said illumination light Equipment characterized by providing further an optical system for said carrier picturizing 
the image caught by said first laser light source and an image pick-up means to picturize the image by which said 
carrier was caught. 

[Claim 8] The nucleic acid which matched and carried out the discernment sign of the class of base, and the class 
of fluorescent substance as a test sample for chemical analysis using the carrier made to adhere as a measuring cell 
The process which conveys the suspension of a carrier to which said nucleic acid which is the 
base-sequence-determination method using the cell which equipped the core with the watercourse and was 
equipped with the transparent field for making an optical beam penetrate into said watercourse, and is a test sample 
for chemical analysis was made to adhere to the watercourse of said measuring cell, The process which catches in a 
watercourse the carrier to which said nucleic acid was made to adhere by a laser trap, The process which maintains 
the enzyme liquid which cuts the mononucleotide which constitutes nucleic acid sequentially from an end, and 
passes the fixed rate of flow in said watercourse, The base-sequence-determination method characterized by 
providing the process which detects the fluorescence to which the fluorescent substance excited by the process 
excited in order and said process emits the fluorescent substance which is carrying out the discernment sign of the 
base of the mononucleotide cut with said enzyme liquid one by one, and reads the base sequence corresponding to 
the detected fluorescence. 
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[Claim 9] The base-sequence-determination method according to claim 8 that the carrier to which said nucleic acid 
was made to adhere is characterized by providing further the process which picturizes the image caught by the laser 
trap. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the base-sequence-determination equipment which reads the base 
sequence of nucleic acid, and the method of determining the base sequence of nucleic acid. More concretely, this 
invention is in the condition which caught the carrier which is supporting nucleic acid by laser light, performs the 
reaction which cuts every one base of nucleic acid from an end, and relates to the equipment and the method the 
existence of a fluorescent substance,/, and sowings which carry out the sign of the base of nucleic acid determine a 
base sequence. Moreover, the base-sequence-determination equipment of this invention can perform a 
predetermined reaction, where the carrier which is supporting the arbitrary matter with which a reaction is 
presented is caught by laser light, and it can use it as equipment which judges the result obtained by this reaction 
by the existence of a fluorescent substance,/, and sowings. 
[0002] 

[Description of the Prior Art] As equipment which determines the base sequence of the nucleic acid of DNA or 
RNA conventionally, gel electrophoresis equipment, capillary-electrophoresis equipment, etc. are known. With gel 
electrophoresis equipment, if the migration length of a gel is lengthened, the base sequence of theoretic without 
limit long nucleic acid can be read. However, if migration length is lengthened, it has difficulties, like arrangement 
of a sample to which equipment becomes so large-scale takes time and effort and time. Moreover, [ equipment ] 
although capillary-electrophoresis equipment is excellent in the point that a lot of samples can be read at once, and 
the point which seldom requires time and effort for arrangement of a sample It is about 600-700 bases that it can 
read by one measurement, and it is difficult to read the base sequence of long nucleic acid. 
[0003] moreover, the base sequence determination of nucleic acid - the former - radioisotope (RI) ~ generally it 
was carried out using 32P. Although the approach by Rl is very high sensitivity, the consideration to environment 
is needed for the top where processing of radioactive waste etc. is troublesome. 

[0004] On the other hand, there is microspectrophotometry as a method of observing internal structures, such as 
each DNA and a cell. This method adds a fluorochrome to a cell, observes fluorescence on the prepared slide of a 
microscope, and measures the internal condition and the structure of a cellular structure. This method cannot be 
read for reading a base sequence, either. 

[0005] Moreover, the flow cytometry is well used as a measuring method of the living body cell in a fluid, or 
particulates. A flow cytometry enters light, such as laser light, in these object each, making particulates, such as a 
living thing cell and a latex particle, transport in a fluid. Subsequently, with the light-receiving machine placed in 
two or more directions, the diffuse light and fluorescence from the target cell or particulates are observed, and 
form, an internal structure, etc. of an object are measured. At high speed, in flowing fluid, one after another, 
although this method measures the diffuse light and fluorescence from a cell or particulates, it cannot detect a 
minute single molecule and cannot read a base sequence. 

[0006] It entered in the 90s and the research on detection and imaging of the single molecule using fluorescence is 
increasing rapidly. For example, P.M.Goodwin et al., ACC.Chem. Res. 1996, 29, the approach indicated to 
607-613, fluorescence correlation spectroscopy (FCS), etc. are mentioned as a method of detecting a single 
molecule. In fluorescence correlation spectroscopy, the protein and the carrier particles which carried out 
fluorescent labeling are made to float in solution in the view of a confocal laser scanning microscope, and the 
fluctuation of fluorescence intensity based on Brownian movement of these particulates is analyzed. Thereby, the 
target numbers and magnitude, such as particulates, are measurable. This technique is discussed in detail by 
Masataka Kaneshiro "protein nucleic acid enzyme" (1999) Vol.44, No.9, and 1431-1437, for example. Only the 
information about the magnitude and the amount of particulates can be acquired by this method. 
[0007] Moreover, the attempt which catches in a watercourse the latex particle to which DNA adhered by an 
optical trap, elongates adhering DNA, and measures the behavior and force is also performed (Steven B.Smith et 
al, Science (1996) Vol.271, 795-). Furthermore, in the system which conveys particulates all over a watercourse, 
each particle is caught by laser light (trap), and the equipment which controls by on-off of optical radiation the 
movement toward movement of particulates which carried out the trap, and prepares spacing of movement of the 
particulates conveyed is proposed (JP,5-296914,A). Thus, although indicated about the approach of catching 
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particulates by laser light etc. by the method of carrying out the optical trap of the particulates, the fluorescent 
substance made to adhere to particulates is not distinguished, or it is not indicated about the method which has 
measured the amount of a fluorescent substance enough and carries out it. 

[0008] Moreover, the attempt which determines a base sequence is performed using a new approach. That is, it is 
the approach which separates one mononucleotide (base) at a time from the end of one chain of DNA, is fixed on a 
substrate, with the order held, changes this into a fluorescence inductor on a substrate, excites this with laser light, 
and is photoed and imaged with a video camera. This technique is stated to Ishikawa ** "protein nucleic acid 
enzyme" (1999) Vol.44, Nol3, and 2019-2023 in detail. However, this approach must change each base into a 
fluorescence inductor on a substrate. Moreover, holding turn certainly, each base separated on the substrate without 
a solvent must be made located in a line on a substrate, and handling of a substrate is very difficult 
[0009] When carrying out the label of the molecule of each request using a fluorescent substance and detecting and 
identifying it in solution generally, the method of passing cleaning fluid and a sample is used in the inside of this 
container using a reaction container. However, the fluorescent-labeling molecular size which flows through the 
watercourse in a reaction container was extremely small compared with the magnitude (the inside diameter or 
width of tubing) of a watercourse, and it was very difficult to identity and detect weak fluorescence by this 
certainly for every each until now. 

[0010] On the other hand, Keller and others detects the fluorescence of the fluorescent-labeling molecule which 
flows in a minute watercourse for every each. By this [ the base sequence of DNA ] The principle of the approach 
to determine is proposed (Single-molecule fluoresence analysis in solution Appl. Spectroscopy, Vol.50, No. 7, 1996, 
PP12A-32A). This proposal uses as a sample the thing which made DNA which carried out the sign of each base 
by the fluorochrome adhere to glass particles. It is the method of detecting the fluorescence from the fluorescence 
molecule which caught this sample with infrared laser light, passing the inside of a minute watercourse, poured the 
dialytic ferment to this watercourse, separated every one base of DNA, and was attached to each base. However, 
Keller and others remains only in an idea and has not made reference about composition required in order to 
actually embody this method. 

[001 1] Then, although Dorre and others succeeds in the attempt which makes the proposal of Keller and others 
concrete As stated also in the report It has come (Dorre K et al, Bioimaging 5, 139-152, 1997, Techniques for 
single molecule sequencing) to attain the last object of reading a base sequence. Thus, particulates are caught how 
concrete, the caught particulates are moved to a predetermined location until now, and it is not reported whether 
fluorescence is excited and measured. Moreover, it is not indicated concretely whether a sample solution, dialytic 
ferment liquid, cleaning fluid, etc. are also made to carry in and take out by what kind of mechanism. Furthermore, 
it is not indicated clearly how a base sequence is read by processing a fluorescence signal, either. 
[0012] 

[Problem to be solved by the invention] It aims at offering a means for this invention to have been made in view of 
the above-mentioned situation, and for the trouble of a nucleotide sequence which needs the separation operation 
by the conventional electrophoresis to have been improved and to realize a new nucleotide sequence concretely. 
Namely, this invention aims at offering the base-sequence-determination equipment and the 
base-sequence-determination method of carrying out sequencing of the nucleic acid of unrestricted length 
continuously and simple. 
[0013] 

[Means for solving problem] In order to attain the above-mentioned object, this invention offers a means to read 
the base sequence of nucleic acid as follows. First, the discernment sign of each base of a nucleic acid molecule to 
carry out sequencing is carried out with a fluorescent substance, and a test sample for chemical analysis is prepared 
by adhering this nucleic acid to a carrier. This test sample for chemical analysis is introduced into the watercourse 
of a measuring cell, and a carrier is caught with a laser. Subsequently, dialytic ferment liquid is poured to a 
watercourse in this condition, and the mononucleotide which constitutes nucleic acid is cut sequentially from an 
end. Under conditions into which the cut mononucleotide keeps the cut order and flows through the inside of a 
watercourse, the fluorescence which the fluorescent substance which is carrying out the sign of the base of a 
mononucleotide emits is detected one by one, and the base sequence of nucleic acid is read. 
[0014] It is a means by which a sample solution, enzyme liquid, cleaning fluid, etc. can be especially conveyed to 
the watercourse of a measuring cell promptly, and this invention is proposed about a means by which the cutting 
order can be kept for the base of the nucleic acid cut with a dialytic ferment, and the inside of a watercourse can be 
made to convey. 
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[001 5] That is, this invention was attained by the means of the description below. 

[001 6] (1 ) [ are equipment which judges the result obtained by a predetermined reaction by the existence of a 
fluorescent substance,/, and sowings, and / the carrier which is supporting the matter with which this reaction is 
presented / the condition of having caught by the optical trap ] The measuring cell which equipped the core with 
the watercourse and was equipped with the transparent field for making an optical beam penetrate into said 
watercourse in the equipment which performs a predetermined reaction to the matter with which this reaction is 
presented, The means for conveying the suspension of said carrier to the watercourse of said measuring cell, The 
first laser light source for catching said carrier, and the first optical system which condenses the optical beam from 
said first laser light source in the watercourse of said measuring cell, and catches said carrier, In order to judge the 
result obtained by said reaction to be a means for maintaining the fixed rate of flow to the watercourse of said 
measuring cell, and conveying to it the reaction mixture for making a predetermined reaction perform to the matter 
which said carrier supports The second laser light source for exciting this fluorescent substance reflecting a result, [ 
signal / which the second optical system which condenses the optical beam from said second laser light source in 
the watercourse of said measuring cell, and excites said fluorescent substance, the third optical system which 
condenses the fluorescence from said fluorescent substance, the optical power detector which detects the 
fluorescence which condensed, and said optical power detector generated / discernment ] Judgment equipment 
characterized by providing an analysis means to analyze the result of said reaction. 

[001 7] The means for being equipment given in (2) and (1), and conveying the suspension of said carrier to the 
watercourse of said measuring cell, [ and the reaction mixture for making a predetermined reaction perform to the 
matter which said carrier supports ] Equipment characterized by providing the member by which each means for 
conveying to the watercourse of said measuring cell controls the flow of a liquid without making the liquid for 
conveying each solution to the watercourse of a measuring cell piped and conveyed produce pulsating flow. 
[0018] To (3), (1), or (2), are equipment of a description and [ the watercourse of said measuring cell ] [ the 
reaction mixture for making a predetermined reaction perform to the means for conveying the suspension of said 
carrier, and the matter which said carrier supports ] Equipment characterized by for each means for conveying to 
the watercourse of said measuring cell having possessed piping for conveying each solution to the watercourse of a 
measuring cell, and this piping having branched [ near the passage inlet of a measuring cell ] in the direction which 
goes to the watercourse of a measuring cell, and the direction which faces to waste fluid. 

[0019] (4) It is base-sequence-determination equipment using the carrier to which the nucleic acid which matched 
and carried out the discernment sign of the class of base and the class of fluorescent substance was made to adhere 
as a test sample for chemical analysis. The measuring cell which equipped the core with the watercourse and was 
equipped with the transparent field for making an optical beam penetrate into said watercourse, The means for 
conveying the suspension of a carrier to which said nucleic acid which is a test sample for chemical analysis was 
made to adhere to the watercourse of said measuring cell, The first laser light source for catching the carrier to 
which said nucleic acid was made to adhere, The first optical system which catches the carrier to which condensed 
the optical beam from said first laser light source in the watercourse of said measuring cell, and said nucleic acid 
was made to adhere, The means for maintaining the fixed rate of flow to the watercourse of said measuring cell, 
and conveying to it the enzyme liquid which cuts the mononucleotide which constitutes said nucleic acid 
sequentially from an end, The second laser light source for exciting the fluorescent substance which is carrying out 
the discernment sign of the base of the mononucleotide cut with said enzyme liquid in order of cutting, Condense 
the optical beam from said second laser light source in the watercourse of said measuring cell, and the second 
optical system which excites said fluorescent substance in order of cutting, the third optical system which 
condenses the fluorescence from the fluorescent substance which is carrying out the discernment sign of the base of 
said nucleic acid one by one, and the fluorescence which condensed are detected one by one. 
Base-sequence-determination equipment characterized by providing an analysis means to read the base sequence of 
said nucleic acid, from the discernment signal which the optical power detector which generates the discernment 
signal corresponding to the detected fluorescence, and said optical power detector generated. 
[0020] The means for being equipment given in (5) and (4), and conveying the suspension of a carrier to which 
said nucleic acid which is a test sample for chemical analysis was made to adhere to the watercourse of said 
measuring cell, [ and the enzyme liquid which cuts the mononucleotide which constitutes said nucleic acid 
sequentially from an end ] Equipment characterized by providing the member by which each means for conveying 
to the watercourse of said measuring cell controls the flow of a liquid without making the liquid for conveying each 
solution to the watercourse of a measuring cell piped and conveyed produce pulsating flow. 
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[0021] To (6), (4), or (5), are equipment of a description and [ the watercourse of said measuring cell ] The means 
for conveying the suspension of a carrier to which said nucleic acid which is a test sample for chemical analysis 
was made to adhere, [ and the enzyme liquid which cuts the mononucleotide which constitutes said nucleic acid 
sequentially from an end ] Equipment characterized by for each means for conveying to the watercourse of said 
measuring cell having possessed piping for conveying each solution to the watercourse of a measuring cell, and this 
piping having branched [ near the passage inlet of a measuring cell ] in the direction which goes to the watercourse 
of a measuring cell, and the direction which faces to waste fluid. 

[0022] (7) The light source for being equipment given in any 1 of (1) - (6), and irradiating the illumination light in 
the watercourse of said measuring cell, The optical system which irradiates the light from said light source in the 
watercourse of said measuring cell, and irradiates the illumination light to said carrier, and under said illumination 
light Equipment characterized by providing further an optical system for said carrier picturizing the image caught 
by said first laser light source and an image pick-up means to picturize the image by which said carrier was caught. 
[0023] (8) The nucleic acid which matched and carried out the discernment sign of the class of base, and the class 
of fluorescent substance as a test sample for chemical analysis using the carrier made to adhere as a measuring cell 
The process which conveys the suspension of a carrier to which said nucleic acid which is the 
base-sequence-determination method using the cell which equipped the core with the watercourse and was 
equipped with the transparent field for making an optical beam penetrate into said watercourse, and is a test sample 
for chemical analysis was made to adhere to the watercourse of said measuring cell, The process which catches in a 
watercourse the carrier to which said nucleic acid was made to adhere by a laser trap, The process which maintains 
the enzyme liquid which cuts the mononucleotide which constitutes nucleic acid sequentially from an end, and 
passes the fixed rate of flow in said watercourse, The base-sequence-determination method characterized by 
providing the process which detects the fluorescence to which the fluorescent substance excited by the process 
excited in order and said process emits the fluorescent substance which is carrying out the discernment sign of the 
base of the mononucleotide cut with said enzyme liquid one by one, and reads the base sequence corresponding to 
the detected fluorescence. 

[0024] (9) The base-sequence-determination method given in (8) characterized by the carrier to which said nucleic 
acid was made to adhere possessing further the process which picturizes the image caught by the laser trap. 
[0025] 

[Mode for carrying out the invention] This invention is explained in detail hereafter. 

[0026] <Test sample for chemical analysis> The test sample for chemical analysis first used in order to read a base 
sequence with the base-sequence-determination equipment of this invention is explained. A test sample for 
chemical analysis "made the nucleic acid which matched and carried out the discernment sign of the class of base, 
and the class of fluorescent substance adhere to a carrier" as it showed drawing 1 the example. 
[0027] The "carrier" used by this invention will not be limited especially if caught by laser light. As a carrier, metal 
particulates, such as glass particles, a latex particle, and gold colloid particles, magnetic particulates, or a living 
body cell can use the arbitrary things of water-insoluble nature. Moreover, generally [ the size ] as for the carrier 
particles by which a laser trap is carried out, a thing 0.1 micrometer - 1 micrometer in diameter is used more 
preferably 0.05 micrometer - 2 micrometers in diameter 0.01 micrometer - 1 0 micrometers in diameter. As an 
example of a carrier, glass particles 1 micrometer in diameter can be mentioned. More specifically as glass particles 
1 micrometer in diameter, the silica bead made from Bangs Laboratories Inc (U.S.) by which the streptoavidin coat 
was carried out can be used. 

[0028] It will not be limited especially if it is detectable for the sign of the "fluorescent substance" to be carried out 
with the fluorescent substance concerned in this invention. For example, rhodamine Green (henceforth RG), 
tetramethyl rhodamine 5-isothiocyanate (It is also hereafter called TMR), Cy5 (Sypher Eve (registered trademark), 
Amersham Pharmacia bio-tech company), A fluorescein isothiocyanate (FITC), acridine yellow (Acridine Yellow), 
and the Texas red (Texas Red) can be used. However, when carrying out the discernment sign of each base using 
two or more kinds of fluorescent substances, each fluorescent substance distinguishes by the difference in the 
wavelength to emit, and needs to be detected. 

[0029] Although an example "the nucleic acid which matched and carried out the discernment sign of the class of 
base and the class of fluorescent substance" is indicated to be to drawing 1 as an example, i.e., DNA which carried 
out the discernment sign of four kinds of bases with four kinds of fluorescent substances, is given in this invention, 
it is not limited to this. That is, in this invention, "nucleic acid" refers to both DNA and RNA. Moreover, there may 
be a class of base by which does not mean carrying out the sign of four kinds of all bases, and fluorescent labeling 



Page 6 



is not necessarily carried out to a "discernment sign" in it here. Moreover, the sign of two kinds or three kinds of 
different base kinds may be carried out with the same fluorescent substance. 

[0030] The variation of such a discernment sign is illustrated by the below-mentioned concrete sample ( drawing 
16 , sample of 1 7 and 19). For example, you may carry out the discernment sign only of one kind of base (for 
example, adenine) among four kinds of bases of nucleic acid using one kind of fluorescent substance (refer to 
drawing 16 ). Or you may carry out the discernment sign of two kinds of bases using two kinds of fluorescent 
substances with which radiation wavelengths differ, respectively (refer to drawing 1 7 ). Or using two kinds of 
fluorescent substances with which radiation wavelengths differ, the sign of one kind of base may be carried out 
with one fluorescent substance, in addition the discernment sign of three kinds of bases may be carried out with the 
fluorescent substance of another side (refer to drawing 1 9 ). 

[0031] "The nucleic acid which matched and carried out the discernment sign of the class of base and the class of 
fluorescent substance" can be prepared as follows, for example. Here describes the example of preparation of the 
sample which carried out the discernment sign of the base of nucleic acid using two kinds of fluorescent 
substances. 

[0032] First, the one DNA chain (or one RNA chain) with which the biotin sign of the five prime end was carried 
out, and the discernment sign of each base was carried out as matter made to adhere to a carrier is prepared. 
Namely, following reaction solution {50 mM Tris-HCl (pH 8.5), lOmM KC1, 15mM2(NH4) S04, 7mMMgS04, 
0.005% Triton X-100, lOmM 2-Mercaptoethanol, Substrate (for example, RG-dTTP (you may use RG-dUTP 
instead), RG-dATP, TMR-dCTP, TMR-dGTP)} in which the biotin sign primer of lpmol and 20microeach M 
carried out fluorescent labeling per reaction 

To inside, add an one DNA chain (chain used as a mold), and extension enzyme, it is made to react at 37 degrees C 
for 30 minutes, and a sample is prepared. At this reaction, four kinds of mononucleotides by which fluorescent 
labeling was carried out are used as a substrate, and synthesis of a complementary DNA strand (or complementary 
RNA chain) takes place to an one DNA chain (chain used as a mold). The complementary DNA strand (or 
complementary RNA chain) compounded here is used for actual sequence analysis. Hereafter, this complementary 
DNA strand (or complementary RNA chain) is called Sample DNA (or the sample RNA), and is used as a sample. 
Thus, the sample DNA (or the sample RNA) to which the biotin sign of the five prime end was carried out, and the 
discernment sign of each base was carried out with the fluorescent substance and which has predetermined 
arrangement is prepared. However, conditions, such as composition of the buffer solution mentioned in the 
example of preparation and reaction temperature, are not limited to this description. 

[0033] Subsequently, the reaction which makes the prepared sample DNA (or the sample RNA) adhere to a carrier 
is performed. What is depended on the avidin biotin reaction shown in drawing 1 as a means to make Sample DNA 
(or the sample RNA) adhere to a carrier is mentioned. However, if such an adhesion function is achieved, it will 
not be limited to this. The adhesion by an avidin biotin reaction uses the silica bead (that by which avidin was fixed 
on the surface of glass particles) of the above-mentioned product made by Bangs Laboratories Inc (U.S.) by which 
the streptoavidin coat was carried out. It is carried out by combining the above-mentioned sample DNA (or the 
sample RNA) with this. More, the above-mentioned silica bead and the above-mentioned sample DNA (or the 
sample RNA) can be added to the solution of 100 mM Tris-HCl (pH 8.0), 1.0M LiCl, and 0.1%(v/v) Tween20, and 
it can be made to be able to react to a detail at a room temperature, and can produce in it. However, conditions, 
such as composition of buffer solution and reaction temperature, are not limited to this description. Thus, if a test 
sample for chemical analysis is created using the reaction of 1 to 1 of avidin and a biotin, one DNA strand (or RNA 
chain) can be made to adhere to one carrier. 

[0034] The test sample for chemical analysis which carried out the discernment sign of the base of nucleic acid 
used for the base-sequence-determination equipment of this invention can be prepared with an approach 
well-known in this way. About preparation of a test sample for chemical analysis, Zeno Foldes-Papp et al, 
Nucleosides & Nucleosides, 16 (5&6), Please also refer to a description of 781-787, 1997, and Exonuclease 
degradation of DNA studied by fluorescence correlation spectroscopy. 

[0035] Below <base-sequence-determination equipment [form of the 1st operation] explains the 
base-sequence-determination equipment concerning the form of operation of the 1st of this invention with 
reference to drawing 2 . The test sample for chemical analysis which carried out the discernment sign of the base of 
nucleic acid using one kind of fluorescent substance is used for the equipment of the form of this operation. 
[0036] As shown in drawing 2 , the base-sequence-determination equipment of the form of this operation possesses 
the following composition. The measuring cell 1 which equipped the core with the watercourse and was equipped 
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with the transparent field for making an optical beam penetrate into said watercourse; [ the watercourse of said 
measuring cell ] The first laser light source 3 for catching the carrier to which the means 2; aforementioned nucleic 
acid for conveying the suspension of a carrier to which the nucleic acid which is a test sample for chemical analysis 
was made to adhere was made to adhere; The optical beam from said first laser light source is condensed in the 
watercourse of said measuring cell. The first optical system 4-10 which catches the carrier to which said nucleic 
acid was made to adhere; [ the enzyme liquid which cuts the mononucleotide which constitutes said nucleic acid 
sequentially from an end ] The means 2 for conveying to the watercourse of said measuring cell; [ the fluorescent 
substance which is carrying out the discernment sign of the base of the mononucleotide cut with said enzyme liquid 
] The second laser light source 1 1 for exciting in order of cutting; The optical beam from said second laser light 
source is condensed in the watercourse of said measuring cell. The second optical system 12-14, and 10 which 
excites said fluorescent substance in order of cutting; [ the fluorescence from the fluorescent substance which is 
carrying out the discernment sign of the base of said nucleic acid ] The optical power detector 20 which detects the 
third optical system 10 which condenses one by one, and the fluorescence of which 15-19; condensing was done 
one by one, and generates the discernment signal corresponding to the detected fluorescence; [ signal / which said 
optical power detector generated / discernment ] The light source 24 for irradiating the illumination light in the 
watercourse of an analysis means 21 to read the base sequence of said nucleic acid - the 23; aforementioned 
measuring cell; The light from said light source is irradiated in the watercourse of said measuring cell. The optical 
systems 25, 26, 15, and 10 which irradiate the illumination light to the carrier to which said nucleic acid was made 
to adhere; under said illumination light The optical systems 10, 15, 27-29 for the carrier to which said nucleic acid 
which is a test sample for chemical analysis was made to adhere to picturize the image caught by said first laser 
light source; an image pick-up means 30 to picturize the image by which the carrier to which said nucleic acid was 
made to adhere was caught. 

[0037] A confocal laser scanning microscope is used for the base-sequence-determination equipment of this 
invention. Thus, by making the optical system for detecting fluorescence into a confocal optical system, the base of 
the cut mononucleotide monad is decipherable one by one. 

[0038] Catching the carrier which made nucleic acid support by laser light, the base-sequence-determination 
equipment of this invention performs the reaction which cuts the base of this nucleic acid from an end, and it can 
be used for it in order to read the base sequence of this nucleic acid. It is not limited to such an activity, but catch 
the carrier which made the matter with which a reaction is presented support by a laser trap, and a predetermined 
reaction is made to perform, and the base-sequence-determination equipment of this invention can also be used in 
order to obtain this reaction result. The arbitrary reactions which can judge the result from which a predetermined 
reaction is obtained by this reaction by the existence of a fluorescent substance,/, and sowings are said. For 
example, by making the immune body by which fluorescent labeling was carried out react to the carrier which is 
supporting the antigen, an antigen-antibody reaction may be performed and you may react hybridization by making 
the nucleic acid of 1 chain by which fluorescent labeling was carried out react to the carrier which is supporting the 
nucleic acid of 1 chain. 

[0039] Each composition and the action concerning the form of operation of the first of 
base-sequence-determination equipment are hereafter explained in order of composition of having mentioned 
previously. 

[0040] « measuring cell » - "the measuring cell 1 which equipped the core with the watercourse and was 
equipped with the transparent field for making an optical beam penetrate into said watercourse" is explained first. 
An example of a measuring cell is shown in drawing 3 in detail. The perspective view in which drawing 3 (a) 
shows a measuring cell, the top view in which (b) shows the measuring cell of (a), and (c) are drawings showing a 
part of cross section which meets an A-A line. 

[0041] The measuring cell 1 needs to be equipped with the transparent field (field of 1 b) for equipping the core 
with Watercourse lc, and making an optical beam penetrate into a watercourse first. An objective lens will be 
arranged at this transparent field (field of lb) side, and laser light enters from theb [ 1 ] side. 
[0042] Moreover, when the measuring cell 1 has been arranged to the base-sequence-determination equipment of 
this invention, it needs to equip with the watercourse the location where the focus of an objective lens doubles in a 
watercourse. In other words, the focus of an objective lens needs to set up suitably the thickness of the surface 
portion lb which penetrates an optical beam so that it may double in a watercourse. Furthermore, in the measuring 
cell 1, when an optical beam is drawn into a watercourse, all the fields that light penetrates need to be flat so that 
optical refraction may not happen. 
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[0043] Furthermore, in this invention, since it is indispensable to keep the order for the mononucleotide cut 
sequentially from the end of the nucleic acid used as a sample, and to convey the inside of a watercourse, it is 
necessary to make the width of a watercourse, and the depth into suitable minute size. 
[0044] When the above requirements are summarized, all the fields where the light which enters into ** 
watercourse, and the light emitted from a watercourse penetrate the measuring cell 1 are transparence, ** The 
width of that the monotonous thing for which the field which the light which enters into a watercourse, and the 
light emitted from a watercourse penetrate does not have the irregularity which has uniform thickness, and ** this 
plate have the suitable thickness doubled in a watercourse in the focus of an objective lens, and ** watercourse, 
and the depth need a minute thing. In addition, in this invention, transparence is athing to the entering light and it 
is not necessarily in agreement with the transparence seen by the human eye. 

[0045] In drawing 3 , the measuring cell 1 consists of a body portion la and a transparent surface portion lb which 
can penetrate laser light, and Watercourse lc is formed between them. In addition, it cannot be overemphasized 
that a measuring cell is not limited to the composition which consists of such two portions. Although not limited 
especially as size of the measuring cell 1, it can be about considered as l-25mm of the length directions of a 
watercourse, 5-1 5mm of cross direction of a watercourse, and 0.3-lmm of the depth directions (thickness) of a 
watercourse. For example, size of the measuring cell 1 can be made into about 10mm of the length directions of a 
watercourse, about 5mm of cross direction of a watercourse, and about 1mm of the depth directions (thickness) of a 
watercourse. 

[0046] In drawing 3 , the body portion la consists of a silicon wafer, and Watercourse lc (slot) is formed in this 
body portion of etching etc. The thickness of the body portion la is 0.2-1 mm preferably. Preferably, 5-100 
micrometers, it is more desirable and the depth of 10-50 micrometers and a watercourse is desirable, and the width 
of a watercourse is 10-50 micrometers more preferably, for example, can be made into a depth of about 50 
micrometers of 50 micrometers of**** of a watercourse, and a watercourse 5-100 micrometers. The length. of a 
watercourse is l-25mm preferably, for example, can be about 10mm. In addition, in drawing 3 , the through hole is 
prepared in the silicon wafer by the both ends of a watercourse, and the inner tube for solution carrying in / taking 
out will be connected to this hole through Id of contact buttons. 

[0047] In drawing 3 , the surface portion lb serves as a transparent plate (glass cover) which consists of glass. 
Since the light emitted from the light which enters into a watercourse, and a watercourse as above-mentioned 
penetrates the surface portion lb, it needs a transparent thing and the monotonous thing for which it has the same 
thickness without irregularity. Moreover, in order that the thickness of the surface portion lb may affect the focal 
location of an objective lens as above-mentioned, a 0.1 3-0.2 1mm thing is desirable, and what is 0.169-0. 171mm is 
more desirable. The surface portion lb is joined to the body portion (silicon portion) la by methods, such as anode 
joining. 

[0048] Moreover, the measuring cell 1 is not limited to the cell equipped with the above-mentioned watercourse, 
but the measuring cell of the minute shape of a hollow cylinder like a glass capillary or the measuring cell of the 
shape of a thin sheet can also be used for it. 

[0049] In drawing 3 , Watercourse lc is an one straight-line-like slot, and when it pours the solution previously 
poured in this case, and different solution, it once needs to wash a watercourse with buffer solution etc. By 
branching a watercourse suitably and increasing it, such washing operation can also be performed efficiently. For 
example, a watercourse may be branched and a Y character type watercourse may be produced. 
[0050] Moreover, although a measuring cell is, the watercourse, shape of i.e., a straight line, of form as shown in 
drawing 4 (top view of a measuring cell), it may have the watercourse of form where both the width and depth of 
the watercourse are narrow in the center section of the watercourse. The laser for carrier capture and the laser for 
excitation are irradiated at the portion which is narrow [ this watercourse ]. The width (shown all over [ W2 ] 
drawing) and the depth of a portion which are narrow are 5-50 micrometers preferably. The length (shown all over 
[ L ] drawing) of the passage part which is narrow is 1-1 0mm preferably. Moreover, the width (shown all over [ 
Wl ] drawing) and the depth of a portion which are not narrow as for a watercourse are 5-200 micrometers. Thus, 
conveyance of solution can make the difficult narrow range the minimum by narrowing the width and the depth of 
a watercourse only in the center section of the watercourse. 

[0051] « solution carrying-in / taking-out mechanism », next the "means 2 for conveying the suspension of a 
carrier to which the nucleic acid which is a test sample for chemical analysis was made to adhere to the watercourse 
of said measuring cell" are explained. This means is also called solution carrying-in / taking-out mechanism, and 
shows drawing 5 the outline. 
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[0052] The Reason for having established such a solution carrying-in / taking-out mechanism in this invention is 
that it found out the following troubles to convey solution by the electroosmosis style (electro-osmotic flow:EOF) 
which Dorre and others proposes. That is, when conveying solution by an electroosmosis style, it is necessary to 
apply high voltage. Therefore, when it works by an electroosmosis style for a long time or the rate of flow is raised, 
there is a possibility that heat occurs in a watercourse, the activity of protein, such as enzyme, may fall especially or 
air bubbles may be generated. Therefore, a cure, such as cooling the perimeter of a watercourse, is needed. It 
becomes easy to generate heat and air bubbles, so that especially the watercourse of a reaction part is narrow. 
[0053] Moreover, when solution carrying-in / taking-out mechanism is established like this invention and solution 
is conveyed by gravity or pump actuation, the flow of the liquid in a watercourse serves as "laminar flow", and it 
shows the rate-of-flow distribution to which flow becomes late as the flow of flow is the quickest near the center of 
a watercourse and it goes around a watercourse. However, in an electroosmosis style, the liquid in a watercourse 
becomes the flow called "plug flow", and the flow of the molecule (mononucleotide) conveyed may distribute it to 
the horizontal direction of the flow of the liquid in a watercourse etc. without concentrating on the center section of 
a watercourse. Thus, if a mononucleotide distributes into the perimeter portion of a watercourse, it will become 
difficult to identify the base of a mononucleotide which flows in a watercourse in a confocal field. Therefore, in 
consideration of such a trouble, it decided to establish solution carrying-in / taking-out mechanism in which it 
explains below by this invention. 

[0054] The sample liquid (suspension of a carrier) used in this invention has that desirable to which the suspension 
of the carrier is carried out by predetermined concentration. That is, sample liquid is set as the suitable 
concentration by which one carrier tends to be caught by the laser trap. If carrier concentration is too high, another 
carrier will be caught behind the caught carrier, or possibility that the once caught carrier will be crawled off by 
other carriers which have flowed later will become high. Possibility of on the other hand catching if carrier 
concentration is too low becomes low. Therefore, generally the suspension containing 0.01 to 0.3weight % of a 
carrier is used. For example, glass particles can use that by which the suspension is carried out to the phosphate 
buffer solution by 0.1 weight % of concentration. 

[0055] In solution carrying-in / taking-out mechanism which drawing 5 shows, the measuring cell 1 is held in the 
electrode holder le. It is simpler to hold the measuring cell 1 in an electrode holder as above-mentioned, since the 
size is small, and to deal with it. The tank 2a for carrying in and the tank 2c for taking out are connected to each of 
Id of jointing end children which was attached to the ends of this electrode holder le through the inner tube 2b for 
carrying in, and the inner tube 2d for taking out, respectively. The solution for conveying to a watercourse is filled 
by the tank 2a for carrying in. As solution, the buffer solution containing sample liquid (carrier suspension), the 
cleaning fluid in a watercourse (buffer solution), and dialytic ferment liquid is used. The thing of Teflon (registered 
trademark) construction material can be used for inner tubes 2b and 2d, for example. 

[0056] About carrying in of the sample liquid from the tank 2a for carrying in to a watercourse etc., and taking out 
to the tank 2c for taking out, it can carry out by moving the height position of the upper and lower sides of both 
tanks. The flux to the watercourse of solution and the rate of flow are controllable by control of the height position 
of both tanks. Or a syringe etc. is directly driven using gas pressure and carrying in of solution and taking out can 
also be performed by performing attraction and discharge. In this case, the flux to the watercourse of solution and 
the rate of flow are controllable by control of gas pressure. Moreover, a motorised pump can also perform carrying 
in of solution and taking out. 

[0057] The flux and the rate of flow to a watercourse of solution need to be carefully controlled by the following 
points. That is, when the rate of flow is too quick in this invention, in order that the carrier caught by the laser trap 
may escape, the rate of flow which is the grade in which a carrier does not escape from the condition by which the 
trap was carried out serves as a maximum. Thus, the maximum of the rate of flow is set up by a relation with the 
force (output of laser light) which is carrying out the laser trap of the carrier. Moreover, since the cut 
mononucleotide may move in the arbitrary directions by Brownian movement and a mononucleotide may stop 
locating in a line with the cut order when the rate of flow, is too slow, the rate of flow of the grade which controls 
Brownian movement of a mononucleotide molecule at least is needed. Generally the rate of flow is set as 0.5 mm/s 
- 1 0 mm/s. For example, the rate of flow is set as 1 mm/s. 

[0058] In embodying the composition of base-sequence-determination equipment, its attention was paid to solution 
carrying-in / taking-out mechanism in this invention. When embodying the composition of the 
base-sequence-determination equipment of this invention, it is because the following problems were newly found 
out. [ the carrier in the condition (trap condition) of having been caught by the laser / with namely, a rapid change 



Page 10 



(pulsating flow) of the rate of flow of a liquid ] The problem that the problem of canceling a trap condition, and the 
mononucleotide cut with the dialytic ferment kept the cutting order, and was no longer conveyed in the inside of a 
watercourse by rapid change of the rate of flow of a liquid was found out. In addition, for exact reading of a base 
sequence made into the object of this invention, it becomes a problem of the utmost importance to keep the order 
for the mononucleotide cut sequentially from the end of nucleic acid, and to convey the inside of the watercourse of 
a measuring cell. Therefore, in order to solve these problems, this invention persons noted that it was necessary to 
add to making the width of the watercourse of a measuring cell, and the depth minute, and the conveyance of the 
solution in a watercourse needed to hold the fixed rate of flow. However, generally, if the width of a watercourse 
and the depth (inside diameter) are set to 1mm or less, conveyance of solution will become difficult. Therefore, this 
invention persons resulted in the idea that it is necessary to build solution carrying-in / taking-out mechanism 
which can convey solution smoothly in such a minute watercourse, and can maintain the fixed rate of flow. 
[0059] As an example of solution carrying-in / taking-out mechanism which satisfies such requirements, concrete 
composition is mentioned to drawing 6 and drawing 7 . That is, in this invention, solution carrying-in / taking-out 
mechanism has the two following features preferably. 

[0060] In order to convey solution smoothly to a minute watercourse, in the first place, this mechanism possesses 
piping for conveying each solution to the watercourse of a measuring cell, and is characterized by this piping 
having branched [ near the passage inlet of a measuring cell ] in the direction which goes to the watercourse of a 
measuring cell, and the direction which faces to waste fluid. In this Description, "piping" means all the tubing 
which forms the watercourse for discharging as waste fluid from the watercourse for leading solution to the 
watercourse of a measuring cell, and the watercourse of a measuring cell. 

[0061] [ here / / near the passage inlet of a measuring cell / said piping which has branched in the direction which 
goes to the watercourse of a measuring cell, and the direction which faces to waste fluid ] It is prepared in order to 
solve that it is difficult for the watercourse of a minute measuring cell to convey solution, and it has the meaning 
which assists conveyance of the solution to the watercourse of a measuring cell. Piping which goes in the direction 
of waste fluid functions in order to miss temporarily the solution conveyed to near the passage inlet of a measuring 
cell in the direction of waste fluid. Solution can be promptly conveyed ****** [ near the passage inlet of a 
measuring cell ] by pouring solution in the direction of waste fluid, changing the watercourse through which 
solution flows and once leading solution to the watercourse of a measuring cell after that. In addition, piping which 
goes in this direction of waste fluid may function, also in order to miss air in piping. 
[0062] Near the passage inlet, the direction near the passage inlet of a measuring cell as much as possible is 
desirable in the meaning of assisting conveyance of the solution to the watercourse of a measuring cell here. It is 
desirable that the turning point of piping is specifically located in the place of less than about 10mm from a part for 
the terminal area which connects the watercourse and "piping" of a measuring cell (for example, contact button). 
[0063] It is characterized by providing the member which controls the flow of the liquid which flows through the 
inside of piping, without making the liquid conveyed produce pulsating flow, in order to maintain the rate of flow 
with solution constant to the second with which solution carrying-in / taking-out mechanism flows through a 
watercourse. "The members which controls the flow of a liquid" is arbitrary members which it can be sufficient for, 
can carry out [ can pour a liquid, can stop the flow, can change the watercourse of the liquid which flows through 
the inside of branched piping, or ], and can control the flow of a liquid. Generally a valve can be used as this 
member. 

[0064] in this invention, in order to maintain the flow of the solution of the fixed rate of flow in a watercourse, "the 
member (valve) which controls the flow of a liquid" was examined as follows, without making solution produce 
pulsating flow namely,. For example, the solenoid valve generally used is easy to come to hand, and excellent in 
the point which can control the action by a computer easily. However, if this solenoid valve is used for solution 
carrying-in / taking-out mechanism in this invention, when the action which controls the flow of a liquid is 
performed, a rapid volume change is caused, thereby, the fixed rate of flow cannot be maintained and solution 
cannot be conveyed to a watercourse, therefore - changing the direction through which a liquid flows in branched 
piping in this invention **** - etc. -- when the action which controls the flow of a liquid was performed, it found 
out that it was appropriate to use the valve which does not cause a rapid volume change. That is, when the action 
which controls the flow of a liquid was performed, it found out that it was appropriate to use the valve to which the 
flux of a liquid is changed gradually, for example, the valve which controls the flow of solution by revolution, (for 
an adjustment valve to be specifically desirable). However, without making a liquid produce pulsating flow, when 
the action which controls the flow of a liquid is performed, the valve used in this invention will not be limited, 
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especially if it is possible to maintain the flow of the solution of the fixed rate of flow. That is, it will not be 
limited, if the mononucleotide cut sequentially from the end of Sample DNA (or the sample RNA) by maintaining 
flow in the solution of the fixed rate of flow keeps the order and may have the inside of a watercourse conveyed. 
[0065] Solution carrying-in / taking-out mechanism in which it has such a feature possesses piping which branched 
the example as shown in drawing 6 and drawing 7 , a valve, and T type joint, and, thereby, can carry in and take 
out each solution to a minute watercourse smoothly efficiently. Furthermore, this mechanism can maintain the 
fixed rate of flow by using the specific (that is, pulsating flow of a liquid not being caused) valve which does not 
produce a volume change rapid at the time of conveyance of solution. 

[0066] In addition, solution carrying-in / taking-out mechanism in which it explains in this Description can be used 
when carrying in arbitrary liquids to the cell equipped with the minute watercourse. 

[0067] The concrete example of solution carrying-in / taking-out mechanism is hereafter explained in detail with 
reference to drawing 6 . However, if solution carrying-in / taking-out mechanism in this invention can maintain the 
fixed rate of flow and solution can be conveyed to a minute watercourse, it cannot be overemphasized that it is not 
limited to the example shown in drawing 6 . 

[0068] [ solution carrying-in / taking-out mechanism shown in drawing 6 ] It consists of the dialytic ferment 
introduction syringe 44, the sample introduction syringe 45, the buffer solution tanks (Buffer tank) 46 and 47, 
valves 1-9, T type joints 48 and 49, a negative pressure pump 52, a waste fluid tank (Waste tank) 53, and piping 
that connects these. 

[0069] In addition, in drawing 6 , piping of solution carrying-in / taking-out mechanism is connected with the 
watercourse of the measuring cell 1 through the contact buttons 50 and 51. Thus, since the width of a measuring 
cell of the watercourse is very narrow, it is desirable to install in an exchangeable condition through the contact 
buttons 50 and 51 in consideration of washing after pouring sample liquid taking time. In subsequent description, 
the watercourse in a measuring cell and the watercourse besides a measuring cell are called in distinction from "the 
watercourse of a measuring cell", and "the watercourse of piping" bordering on a contact button, respectively. 
Piping consists of Teflons, for example. 

[0070] Each component part of solution carrying-in / taking-out mechanism shown in drawing 6 is explained. 
[0071] From the {syringe and buffer solution tank} dialytic ferment introduction syringe 44 and the sample 
introduction syringe 45, dialytic ferment liquid and sample liquid are poured into "the watercourse of piping", 
respectively. The buffer solution tanks 46 and 47 for diluting dialytic ferment liquid and sample liquid, or washing 
the watercourse through which solution flows are installed in the dialytic ferment introduction syringe 44 and the 
sample introduction syringe 45, respectively. 

[0072] In addition, in drawing 6 , dialytic ferment liquid is conveyed from the left in the inside of the watercourse 
of a measuring cell on the right (the direction of a valve 4 to the valve 2), and sample liquid is conveyed from the 
right in the inside of the watercourse of a measuring cell on the left (the direction of a valve 2 to the valve 4). It is 
not limited to the example shown in drawing 6 , but you may install each syringe and a buffer solution tank so that 
dialytic ferment liquid and sample liquid may both be flowed through the inside of the watercourse of a measuring 
cell toward a uniform direction. However, when dialytic ferment liquid flows through the inside of the watercourse 
of a measuring cell, the laser for carrier capture (inside of drawing, Traplaser) is irradiated by the upstream, and the 
laser for excitation (inside of drawing, Excitationlaser) needs to be downstream irradiated from it. That is, dialytic 
ferment liquid acts on the carrier (nucleic acid is supported) caught by the laser for carrier capture upstream of a 
watercourse first, and the sign nucleotide subsequently cut by this operation needs to be excited by the laser for 
excitation downstream from a watercourse. 

[0073] choosing the direction through which a liquid flows in piping which took up the watercourse through which 
a liquid flows in piping of {valve and T type joint} solution carrying-in / taking-out mechanism, opened wide, or 
branched **** - etc. - the valve is installed in order to control the flow of solution. In drawing 6 , valves 1-9 are a 
method valve of two, or a method valve of three, NO currently displayed on the valve means Normal Open (it 
usually opens) among drawing, NC means Normal Close (it usually intercepts), and COM means Common 
(common). A valve uses preferably what does not start pulsating flow as above-mentioned. 
[0074] On the other hand, T type joint is used in order to form piping which generally branched. It functions in 
order to form piping to which it branched in the direction where T type joints 48 and 49 go to the watercourse of a 
measuring cell [ near the passage inlet of a measuring cell ] in drawing 6 , and the direction which faces to waste 
fluid. That is, the solution which wants to convey T type joints 48 and 49 in the watercourse of a measuring cell by 
missing temporarily the solution of the watercourse of a measuring cell which it installed in the neighborhood very 
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much, and piping was branched, and was conveyed to near the passage inlet of a measuring cell on a waste fluid 
tank can be promptly led to near the entrance of a watercourse. Thereby, conveyance of solution can assist 
conveyance of the solution to the watercourse of a difficult measuring cell. For example, T type joint 48 can be 
located in the location where the thing of the contact button 50 made to be located as much as possible in the 
neighborhood was desirable, for example, separated from the contact button 50 about 20mm. Similarly T type joint 
49 can be located in the location where the thing of the contact button 5 1 made to be located as much as possible in 
the neighborhood was desirable, for example, separated from the contact button 51 about 20mm. 
[0075] Here, as for all the inside diameters of "the watercourse of piping", it is desirable to have width to some 
extent larger than the channel width (for example, 50 micrometers) of a measuring cell. Thus, in order to convey 
solution smoothly, rather than the channel width of a measuring cell, it is desirable to make the channel width of 
piping large, for example, it can set preferably 50-800 micrometers of channel width to about 250 micrometers. On 
the other hand, it is necessary to make the width of the watercourse of a measuring cell, and the depth minute as 
above-mentioned (for example, 50 micrometers) so that the object of the base sequence determination of this 
invention may be suited. 

[0076] Furthermore, piping has branched in the direction in which solution carrying-in / taking-out mechanism 
shown in drawing 6 faces to the direction which goes to the watercourse of a measuring cell in each part in which 
the valve 4 and the valve 2 are installed, and waste fluid. Also in the installation place of a valve 4 and a valve 2, 
even this valve can lead solution to convey in the watercourse of a measuring cell promptly by branching piping 
and missing solution on a waste fluid tank temporarily. Thereby, conveyance of the solution to the watercourse of a 
measuring cell can be assisted. 

[0077] For example, a valve 4 can be located in the location distant from the contact button 50 about 200mm, and 
the valve 2 can locate it in the location distant from the contact button 51 about 200mm. In addition, an additional 
post of piping which conveys solution on a waste fluid tank from a valve 48, and piping which conveys solution on 
a waste fluid tank from a valve 4 can also be made to hold for piping of one like below-mentioned drawing 7 . An 
additional post of piping which conveys solution on a waste fluid tank from a valve 49, and piping which conveys 
solution on a waste fluid tank from a valve 2 can also be made similarly to hold for piping of one. 
[0078] The {negative pressure pump} negative pressure pump 52 functions in order to lead solution to the waste 
fluid tank 53 by attraction. However, solution can also be led to a waste fluid tank with gravity without using a 
negative pressure pump. Although solution can be efficiently conveyed for the inside of the watercourse where it is 
minuter to use a negative pressure pump, solution is conveyed with gravity without a pump to avoid the effect of 
vibration of a pump. It is more desirable not to use a pump in this invention, since all subsequent operations avoid 
vibration if a carrier is caught by a laser in the watercourse of a measuring cell. 

[0079] Next, solution carrying-in / taking-out mechanism explains the action which carries in each solution (sample 
liquid, dialytic ferment liquid, buffer solution) in the watercourse of a measuring cell. 
[0080] Preferably, before carrying in each solution to a watercourse, it carries out deaeration processing. 
[0081] First, sample liquid is conveyed in the watercourse of a measuring cell, and, subsequently to the inside of 
sample liquid, the carrier contained in the watercourse of a measuring cell is caught with the laser for carrier 
capture (Trap laser). Carriers other than the caught carrier are washed away and washed out of the watercourse of a 
measuring cell. Subsequently, dialytic ferment liquid is conveyed in the watercourse of a measuring cell, and the 
mononucleotide of the nucleic acid which a carrier supports is cut sequentially from an end. The fluorescent 
substance which is carrying out the sign of the mononucleotide is excited with the laser for excitation (Excitation 
laser), and the class (namely, class of base) of fluorescent substance is read. The sample liquid which finished 
measurement is taken out to the waste fluid tank 53 by pouring buffer solution. 
[0082] It explains in detail hereafter. 

[0083] A) Conveyance of buffer solution (A-l) A valve 8 is opened, a valve 1 is made into the NC side (COM and 
NC are connected), and a valve 2 is made into the NO side (COM and NO are connected). The buffer solution tank 
47 is pushed up upwards, and buffer solution is led to a waste fluid tank with gravity. 

[0084] (A-2) Lead buffer solution to a waste fluid tank via T type joint 49 by making a valve 2 into the NC side, 
making a valve 5 into the NO side, and pushing up the buffer solution tank 47 upwards. At this time, a valve 5 is 
made into the NC side, a valve 7 may be made into the NC side, and may be attracted with a negative pressure 
pump, a valve 5 may be made into the NO side, and it may lead to a waste fluid tank with gravity, or any are 
sufficient. Even T type joint 49 can lead solution promptly by operation of (A-l) and (A-2). 
[0085] (A-3) Convey buffer solution in the watercourse of a measuring cell by closing a valve 5, opening a valve 6 
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wide, and pushing up the buffer solution tank 47 upwards. The buffer solution which flowed through the 
watercourse of the measuring cell is led to a waste fluid tank through the valve 6 opened wide. At this time, a valve 
6 is made into the NC side, a valve 7 may be made into the NO side, and may be attracted with a negative pressure 
pump, a valve 6 may be made into the NO side, and it may lead to a waste fluid tank with gravity, or any are 
sufficient. 

[0086] (A-4) Open a valve 9, make a valve 3 into the NC side, and make a valve 4 into the NC side. A valve 6 is 
made into the NO side, the buffer solution tank 46 is pushed up upwards, and buffer solution is led to a waste fluid 
tank with gravity. At this time, a valve 6 is made into the NC side, a valve 7 may be made into the NO side, and 
may be attracted with a negative pressure pump, a valve 6 may be made into the NO side, and it may lead to a 
waste fluid tank with gravity, or any are sufficient. 

[0087] (A-5) Make a valve 4 into the NO side, push up the buffer solution tank 46 upwards, and lead buffer 
solution to a waste fluid tank with gravity. The inside of all the piping is filled with buffer solution by the above 
(A-l) of - (A-5), and operation. 

[0088] B) Make the charge valve 1 of a sample into the NO side, make a valve 2 into the NC side, and close a 
valve 5. Sample liquid (for example, a glass bead suspension, 1 micrometer of particle diameters, 0.1 weight % of 
concentration) is led to the watercourse of a measuring cell by opening a valve 6 wide and pushing in the piston of 
a syringe 45. The sample liquid passing through the watercourse of the measuring cell makes a valve 6 the NC 
side, makes a valve 7 the NO side, and leads it to a waste fluid tank by drawing in with a negative pressure pump. 
In addition, you may lead sample liquid to a waste fluid tank with gravity. 
[0089] C) Washing of carriers other than the caught carrier (B/F separation) 

After catching a carrier with the laser for carrier capture, a valve 1 is made into the NC side, the buffer solution 
tank 47 is pushed up upwards, buffer solution is led to the watercourse of a measuring cell, and the carrier in a 
watercourse which was not caught is flushed. At this time, a valve 6 is made into the NC side, a valve 7 may be 
made into the NO side and may be attracted with a negative pressure pump, and a valve 6 may be made into the 
NO side and may be led to a waste fluid tank with gravity. However, since it may be washed away by the carrier 
caught by the vibration, the activity of a pump does not have it. [ desirable ] Carriers other than the carrier caught 
by laser light are flushed by this operation, and the inside of the watercourse of a measuring cell is washed. 
[0090] D) Close the conveyance valve 9 of dialytic ferment liquid, make a valve 3 into the NO side, make a valve 4 
into the NC side, and close a valve 6. Dialytic ferment liquid is led to the watercourse of a measuring cell by 
opening a valve 5 wide and pushing in the piston of a syringe 44. The dialytic ferment liquid which passed through 
the watercourse of the measuring cell makes a valve 5 the NC side, makes a valve 7 the NC side, and by drawing in 
with a negative pressure pump, it may be led to a waste fluid tank and it may lead it to a waste fluid tank with 
gravity. However, in this operation, since it may be washed away by the carrier caught by vibration of a pump, the 
activity of a pump is not desirable. 

[0091 ] E) A valve 9 is opened after cutting of each base of the nucleic acid by the washing dialytic ferment of a 
watercourse, a valve 3 is made into the NC side, and a valve 4 is made into the NC side, close a valve 6, push up 
the buffer solution tank 46 upwards, and lead buffer solution to the watercourse of a measuring cell. This operation 
washes a watercourse. This washing operation can make a valve 5 the NC side, and can be efficiently performed by 
making a valve 7 into the NC side and attracting it with a negative pressure pump. 

[0092] Subsequently, another example of solution carrying-in / taking-out mechanism is explained with reference 
to drawing 7 . Fundamentally, this example is the same as the example shown in drawing 6 , and gives the same 
code to the same composition. [ solution carrying-in / taking-out mechanism shown in drawing 7 ] [ the dialytic 
ferment introduction syringe 44, the sample introduction syringe 45, the buffer solution tanks (Buffer tank) 46 and 
47, valves 21-25, T type joints 48, 49, 54, and 55, the negative pressure pump 52, the waste fluid tank (Waste tank) 
53, and these ] It consists of piping to connect. 

[0093] Solution carrying-in / taking-out mechanism shown in drawing 7 possesses branched piping, a valve, and T 
type joint as well as the example shown in drawing 6 , and, thereby, can carry in and take out each solution to a 
minute watercourse smoothly efficiently. Moreover, this mechanism can maintain the fixed rate of flow similarly 
by using the specific (that is, pulsating flow of a liquid not being caused) valve which does not produce a volume 
change rapid at the time of conveyance of solution. 

[0094] Moreover, like the example shown in drawing 6 , [ near the passage inlet of a measuring cell ], T type joints 
48 and 49 are functioning in order to form piping which branched in the direction which goes to the watercourse of 
a measuring cell, and the direction which faces to waste fluid. Solution to convey in the watercourse of a measuring 
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cell can be promptly led to near the passage inlet of a measuring cell by missing solution on a waste fluid tank 
temporarily using this branched piping. Thereby, conveyance of solution can assist conveyance of the solution to 
the watercourse of a difficult measuring cell. For example, T type joint 48 can be located in the location distant 
from the contact button 50 about 20mm, and T type joint 49 can locate it in the location distant from the contact 
button 51 about 20mm. 

[0095] Moreover, like the example shown in drawing 6 , it is desirable to make the channel width of piping besides 
a measuring cell larger than the channel width in a measuring cell (for example, 50 micrometers), when conveying 
solution smoothly. 

[0096] Below, the action of solution carrying-in / taking-out mechanism shown in drawing 7 is explained. 
[0097] A) Fill the inside of all the watercourses with buffer solution by the following operation before the 
conveyance sample charge of buffer solution. 

[0098] (A-l) Open a valve 21 and make a valve 23 into the NO side. The buffer solution tank 47 is pushed up 
upwards, and buffer solution is led to a waste fluid tank with gravity. At this time, a valve 23 is made into the NC 
side, a valve 25 may be made into the NC side, and may be attracted with a negative pressure pump, a valve 23 
may be made into the NO side, and it may lead to a waste fluid tank with gravity, or any are sufficient. By this 
operation, even T type joint 49 can lead solution promptly. 

[0099] (A-2) Convey buffer solution in the watercourse of a measuring cell by closing a valve 23, making a valve 
24 into the NC or NO side, and pushing up the buffer solution tank 47 upwards. The buffer solution which flowed 
through the watercourse of the measuring cell is led to a waste fluid tank through a valve 24. At this time, a valve 
24 is made into the NC side, a valve 25 may be made into the NO side, and may be attracted with a negative 
pressure pump, a valve 25 may be made into the NO side, and it may lead to a waste fluid tank with gravity, or any 
are sufficient. 

[0100] (A-3) A valve 22 is opened, make a valve 24 into the NC or NO side, push up the buffer solution tank 46 
upwards, and lead buffer solution in the direction of a waste fluid tank with gravity. At this time, a valve 24 is 
made into the NC side, a valve 25 may be made into the NO side, and may be attracted with a negative pressure 
pump, a valve 24 may be made into the NO side, and it may lead to a waste fluid tank with gravity, or any are 
sufficient. The inside of all the watercourses is filled with buffer solution by the above (A-l ) of - (A-3), and 
operation. 

[0101] B) Lead sample liquid (for example, a glass bead suspension, 1 micrometer of particle diameters, 0.1 weight 
% of concentration) to the watercourse of a measuring cell by closing the charge valve 21 of a sample, closing a 
valve 23, opening a valve 24 wide, and pushing in the piston of a syringe 45. The sample liquid passing through 
the watercourse of the measuring cell makes a valve 24 the NC side, makes a valve 25 the NO side, and leads it to 
a waste fluid tank by drawing in with a negative pressure pump. In addition, you may lead sample liquid to a waste 
fluid tank with gravity. 

[0102] C) Washing of carriers other than the caught carrier (B/F separation) 

After catching a carrier by laser light, a valve 21 is opened, the buffer solution tank 47 is pushed up upwards, 
buffer solution is led to the watercourse of a measuring cell, and the carrier in a watercourse which was not caught 
is flushed. At this time, a valve 24 is made into the NC side, a valve 25 may be made into the NO side and may be 
attracted with a negative pressure pump, and a valve 24 may be made into the NO side and may be led to a waste 
fluid tank with gravity. However, since it may be washed away by the carrier caught by the vibration, the activity of 
a pump does not have it. [ desirable ] Carriers other than the carrier caught by laser light are flushed by this 
operation, and the inside of the watercourse of a measuring cell is washed. 

[0103] D) Lead dialytic ferment liquid to the watercourse of a measuring cell by closing the conveyance valve 22 
of dialytic ferment liquid, closing a valve 24, opening a valve 23 wide, and pushing in the piston of a syringe 44. 
The dialytic ferment liquid which passed through the watercourse of the measuring cell makes a valve 23 the NC 
side, makes a valve 25 the NC side, and by drawing in with a negative pressure pump, it may be led to a waste 
fluid tank and it may lead it to a waste fluid tank with gravity. However, in this operation, since it may be washed 
away by the carrier caught by vibration of a pump, the activity of a pump is not desirable. 
[01 04] E) A valve 22 is opened after cutting of each base of the nucleic acid by the washing dialytic ferment of a 
watercourse, and a valve 24 is closed, push up the buffer solution tank 46 upwards, lead buffer solution to the 
watercourse of a measuring cell, and wash a watercourse. At this time, a valve 23 can be made into the NC side 
and a watercourse can be efficiently washed by making a valve 25 into the NC side and attracting it with a negative 
pressure pump. 
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[01 05] Laser light source for « carrier capture », next the "first laser light source 3 for catching the carrier to 
which said nucleic acid was made to adhere" are explained. The laser (henceforth the laser for carrier capture) 
which acts as Idei can be suitably chosen from the first laser light source about the class and a radiation wavelength 
according to the size of a carrier to catch. Or after choosing the laser for carrier capture, you may choose the size of 
the carrier caught by the laser. 

[0106] If the laser used in this invention is idiomatically used by a laser trap, it will not be limited, but generally a 
laser (488nm (argon laser) - 1064nm (Nd: YAG laser)) can be used for it. For example, a Cr.LiSAF laser with a 
wavelength of 855nm can be used. Or Nd: You may use infrared solid-state lasers, dye laser, etc., such as an YAG 
laser. The laser of an infrared region with a wavelength of 700nm or more is used preferably. For example, in order 
to catch glass particles 1 micrometer in diameter by a laser trap, a Cr.LiSAF laser with an output [ 300mW ] of 
855nm can be used. 

[0107] in addition, [ relation / between the wavelength of a laser, and the particle size caught ] It is W.H.Wright, 
G.J.Sonek, and M.W.Berns, Appl.Phys.Lett, and Vol.63 in detail. (6), Please refer to a description of 1993 and 
Radiation trapping forces on microspheres with optical tweezers. 

[0108] If the output of the laser for carrier capture is high, the force which catches a carrier so much becomes 
strong, and although it is desirable, there is evil in which damage is done to the dialytic ferment which cuts from an 
end the base which constitutes equipment (objective lens), and a test sample for chemical analysis and nucleic acid, 
therefore, an output is highly set up to the grade which does not bring about such evil (desirable - less than 2W). 
In order to catch a carrier generally, a 100-lOOOmW laser output is used. 

[0109] « first optical system » » subsequently "the first optical system 4-10 which catches the carrier to which 
condensed the optical beam from said first laser light source in the watercourse of said measuring cell, and said 
nucleic acid was made to adhere" is explained. This optical system consists of a collimate lens 4, the beam 
expander 5, a lens 6, a mirror 7, a lens 8, a die clo IKKU half mirror 9, and an objective lens 10. These optical 
systems 4-10 are arranged at this order on the light path of the optical beam which acts as Idei from the laser for 
carrier capture. 

[0110] In the equipment of this invention, the condensing optical system by an objective lens is a confocal optical 
system, and the focus of the laser light is carried out to the very narrow field decided by the numerical aperture 
(NA) of an objective lens. For example, the numerical aperture (NA) of the objective lens used for the equipment 
of this invention is 0.9. 

[0111] The optical beam of the laser for carrier capture is made into a collimated beam with a collimate lens 4, and 
enlarges a beam diameter with the beam expander 5. Then, after making it condense on the 7th page of a mirror 
with a lens 6 and making it parallel light with a lens 8, a light path is bent with the die clo IKKU half mirror 9, and 
it is led to the objective lens 10. The predetermined location in the watercourse of the measuring cell 1 is made to 
condense the optical beam through the objective lens 10. 

[0112] The capture location in the watercourse of a carrier can be adjusted about the length direction of a 
watercourse by changing the include angle of a mirror 7. Moreover, the capture location is controllable by 
movement of the direction of an optical axis of the objective lens 10 about the direction of an optical axis. Thus, it 
becomes possible to carry out adjustment and control and to irradiate the laser for carrier capture in the 
predetermined location in a watercourse. Although decided by physical relationship with the laser for excitation at 
the time of base sequence analysis, this is later mentioned for a predetermined location here. 
[0113] In addition, when irradiating the laser for carrier capture and catching a carrier, sample liquid may be 
flowing the inside of a watercourse and it is not necessary to flow. 

[0114] The optical beam which made it condense in a watercourse as mentioned above can catch one carrier which 
moves in accordance with flow in the inside of a watercourse. The situation is shown in drawing 8 . After being 
condensed with the objective lens 10, the optical beam of the laser for carrier capture penetrates the surface portion 
lb of the measuring cell 1, and a focus is carried out to the center portion of the solution in Watercourse lc, and it 
irradiates the suspension of a carrier, as shown in drawing 8 . This catches one carrier in a watercourse. 
[0115] « enzyme liquid conveyance means », next "the means for conveying the enzyme liquid which cuts the 
mononucleotide which constitutes said nucleic acid sequentially from an end to the watercourse of said measuring 
cell" are explained. The means for pouring enzyme liquid can be shared with the means 2 for conveying the 
suspension of a carrier with the form of this operation. Therefore, please also refer to the above-mentioned 
description about solution carrying-in / taking-out mechanism. 

[0116] When the nucleic acid used as the sample "is cut sequentially from an end" here has adhered to the carrier 
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in the five prime end side, it means cutting the mononucleotide which constitutes nucleic acid sequentially from a 
three-dash terminal. On the contrary, when the nucleic acid used as a sample has adhered to the carrier in the 
three-dash terminal side, it means cutting the mononucleotide which constitutes nucleic acid sequentially from a 
five prime end. 

[0117] "Enzyme liquid" can choose suitably the exonuclease which cuts one mononucleotide at a time only from 3 
'exonuclease [ which cuts one mononucleotide at a time only from a side ] or 5' side. For example, Exonuclease I 
and T7 polymerase can be used. Although the enzyme activity which enzyme liquid has is suitably set up within 
limits which perform a desired decomposition reaction, the enzyme liquid which has the activity of 10 - 200nM is 
preferably used for it. 

[0118] In solution carrying-in / taking-out mechanism shown in drawing 5 , enzyme liquid is poured by the 
predetermined rate of flow from the tank 2a for carrying in to a watercourse, and is discharged from a watercourse 
to the tank 2c for taking out. In order to pour enzyme liquid by the predetermined rate of flow to a watercourse as 
above-mentioned, it can carry out by controlling the height position of the upper and lower sides of both tanks, or 
controlling the gas pressure of a syringe. Moreover, a motorised pump can also perform carrying in of solution and 
taking out. 

[0119] Since it is required by this invention that the order should be kept for the mononucleotide cut sequentially 
from the end, and the inside of a watercourse should be conveyed, in conveyance of enzyme liquid, keeping the 
predetermined rate of flow steady has an important meaning, as explained previously. When the rate of flow is too 
quick in this invention, in order that the particles caught by the laser trap may escape, the rate of flow which is the 
grade in which particles do not escape from the condition by which the trap was carried out serves as a maximum. 
Moreover, since the cut mononucleotide may move in the arbitrary directions by Brownian movement and a 
mononucleotide may stop locating in a line with the cut order when the rate of flow is too slow, the rate of flow of 
the grade which controls Brownian movement of a mononucleotide molecule at least is needed. In order to raise the 
analytic accuracy of the base sequence of nucleic acid, in the range in which the particles caught do not escape, the 
quicker one of the rate of flow is desirable. That is, the rate of flow is set up by a relation with the force (laser 
output) which is carrying out the laser trap of the particles. Generally the rate of flow is set as 0.5 mm/s - 10 mm/s. 
For example, the rate of flow is set as 1 mm/s. 

[0120] Laser light source for « excitation », next the "laser light source 1 1 for excitation for exciting the 
fluorescent substance which is carrying out the discernment sign of the base of the mononucleotide cut with said 
enzyme liquid in order of cutting" are explained. Generally the laser for excitation has the wavelength of the visible 
range, and what has the wavelength which excites the used fluorescent substance is used for it. For example, when 
rhodamine Green is used as a fluorescent substance and TMR is used for a solid blue laser (473nm), argon laser 
(514.5nm) is used. 

[0121] In addition, with the form of this operation, the laser light source for excitation will use only one kind of 
fluorescent substance which only the number of is one, therefore is excited by the laser light source concerned for 
the sign of a nucleobase. 

[0122] « second optical system », then the "second optical system 12-14, and 10 which condenses the optical 
beam from the laser light source for excitation in the watercourse of said measuring cell, and excites said 
fluorescent substance in order of cutting" are explained. This optical system consists of a collimate lens 12, a beam 
expander 13, a die clo IKKU half mirror 14, and an objective lens 10. These optical systems 12-14, and 10 are 
arranged at this order on the light path of the optical beam which acts as Idei from the laser light source 1 1 . 
[0123] After the optical beam from the laser light source 1 1 for excitation is made into a collimated beam with a 
collimate lens 12 and enlarges a beam diameter with the beam expander 13, it bends a light path with the die clo 
IKKU half mirror 14, and is led to the objective lens 10. The predetermined location in the watercourse of the 
measuring cell 1 is made to condense the optical beam through the objective lens 10. 
[0124] The radiation location in the watercourse of the laser for excitation can be adjusted about the length 
direction of a watercourse by changing the include angle of the die clo IKKU half mirror 14. Moreover, the 
radiation location is controllable by movement of the direction of an optical axis of the objective lens 1 0 about the 
direction of an optical axis. Thus, it becomes possible to carry out adjustment and control and to irradiate the laser 
for excitation in the predetermined location in a watercourse. 

[0125] Therefore, with the form of this operation, it condenses with one objective lens 10, and the focus of both the 
optical beam of the above-mentioned laser for carrier capture and the optical beam of the laser for excitation is 
carried out into the watercourse of the measuring cell 1 . 
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[0126] In this invention, the optical beam of the laser for carrier capture and the optical beam of the laser for 
excitation need to be irradiated by predetermined physical relationship in the watercourse of a measuring cell at the 
time of base sequence analysis. Specifically, both beams need to be irradiated in the watercourse in the condition 
that it is shown in drawing 9 , at the time of base sequence analysis. That is, a carrier needs to be caught by the 
laser for carrier capture upstream of the watercourse through which solution is flowing, and the laser for excitation 
needs to be irradiated in the lower stream. It becomes possible to excite the fluorescent substance which the 
mononucleotide which constitutes the nucleic acid supported by the carrier is made to flow into the cut order one 
by one in the irradiation area of the laser for excitation, and is subsequently carrying out the sign of the base of a 
mononucleotide according to such predetermined physical relationship one by one (refer to drawing 9 ). 
[0127] Therefore, it is required to set up the light path of the optical beam beforehand, or to move the beam of at 
least 1 of the laser beam for carrier capture or the laser beam for excitation to a suitable location before analysis so 
that both laser beams may be irradiated by the above-mentioned predetermined physical relationship at the time of 
base sequence analysis. With the form of this operation shown in drawing 2 , control of such a light path of an 
optical beam is performed by the optical system (specifically the die clo IKKU half mirror 9 or the die clo IKKU 
half mirror 14) for irradiating an optical beam. 

[0128] Especially if the predetermined location of both the laser beams at the time of base sequence analysis is 
located in the location which both lasers left in the objective lens view, it will not be limited, but it is located in the 
location which both lasers left most within the objective lens view preferably (leaving about 25 micrometers). 
[0129] Thus, it is possible to make the distant predetermined location condense two laser beams with one objective 
lens with the form of this operation. However, the base-sequence-determination equipment of this invention is not 
limited to the mode which makes the location which left two optical beams with one objective lens condense, but 
may assemble equipment with two objective lenses (see the form and drawing 13 of the 4th operation which are 
mentioned later). 

[0130] « third optical system », next the "third optical system 10, 15-19 which condenses the fluorescence from 
the fluorescent substance which is carrying out the discernment sign of the base of said nucleic acid one by one" 
are explained. This optical system consists of the objective lens 10, a lens 15, an aperture 16, a condenser 17, an Ir 
cut off filter 18, and a band pass filter 19. These optical systems 15-19 are arranged at this order on the light path 
of the fluorescence emitted from a fluorescent substance. In addition, in drawing 2 , the optical system which ties 
the objective lens 10 and the light-receiving machine 20 which detects the condensed fluorescence is called "the 
optical system for measurement." 

[0131] The fluorescence from a fluorescent substance passes the objective lens 10, and is made to carry out image 
formation to an aperture 1 6 with a lens 1 5, and the acceptance surface of the light-receiving machine 20 is made to 
carry out a focus with the condenser 1 7 after that. Ahead of the acceptance surface of the light-receiving machine 
20, the Ir cut off filter 18 and a band pass filter 19 are arranged, and it is made only for the fluorescence from a 
fluorescent substance to reach the light-receiving machine 20. The Ir cut off filter 1 8 cuts noise light, such as 
reflected light by the optical system in the middle of the light path on the wall surface of the measuring cell 1, the 
rear face of a mirror, etc. A band pass filter 19 passes only the light of a fluorescence wavelength efficiently. 
[0132] It « optical-power-detector » Ranks second, and "the optical power detector 20 which detects the 
fluorescence which condensed one by one and generates the discernment signal corresponding to the detected 
fluorescence" is explained. Weak optical power detectors, such as an avalanche photo-diode or a photomultiplier 
tube, can be used for the optical power detector 20. The optical power detector 20 detects the fluorescence 
corresponding to the class of base of the mononucleotide concerned in the order of the cut mononucleotide. And 
the detected fluorescence is changed into the discernment signal corresponding to it, and is transmitted to the 
below-mentioned analysis means. Specifically, it is changed into a photoelectron with the optical power detector 
20. 

[0133] "Analysis means 21-23 to read the base sequence of said nucleic acid in the discernment signal which said 
optical power detector generated" is explained to the « analysis means » last. An analysis means processes the 
signal acquired from the optical power detector 20 by the signal analysis part 21, and displays the result on the 
monitoring screen of a computer 23. After the lightwave signal changed into the photoelectron with the optical 
power detector 20 processes waveform shaping etc. in the signal analysis part 21, it is led to a computer 23 as a 
photon pulse, calculation of the number of pulses is carried out, and, specifically, it is displayed on the screen of a 
computer. The signal-control part 22 can feed back the last information sent to a computer to the laser light source 
for carrier capture, and can cancel the trap of a carrier. 
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[0134] In order to photo the condition of having caught the carrier, to the base-sequence-determination equipment 
of the form of this operation shown in composition » drawing 2 for observing the capture condition of « carrier, 
the light source 24 for irradiating the illumination light and the optical systems 25, 26, 1 5, and 10 for Lighting 
Sub-Division are installed in the watercourse of said measuring cell. In drawing 2 , a light source 24 is a halogen 
lamp and the optical systems 25, 26, 15, and 10 for Lighting Sub-Division consist of a lens 25, a movable mirror 
26, a lens 15, and an objective lens 10. After the illumination light from a light source 24 passes a lens 25, is 
crooked in the direction of a measuring cell by the movable mirror 26 and passes a lens 1 5, it is condensed by the 
test sample for chemical analysis with the objective lens 10. 

[0135] In addition, in the equipment of this invention, this light source and the optical system for Lighting 
Sub-Division are not necessarily required. Therefore, when not using it, you may remove from the optical system 
for measurement by moving the movable mirror 26 if needed. 

[0136] Moreover, the optical systems 10, 15, 27-29 for photography and the image pick-up means 30 for photoing 
the condition of having caught the carrier, under said illumination light are installed in the 
base-sequence-determination equipment of the form of this operation shown in drawing 2 . In drawing 2 , the 
optical systems 10, 15, 27-29 for photography consist of the objective lens 10, a lens 15, movable prism 27, a band 
pass filter 28, and a lens 29, and the image pick-up means 30 is a CCD camera. [ the reflected light from the test 
sample for chemical analysis which has irradiated the illumination light ] The objective lens 10 and a lens are 
crooked in the CCD camera 30 direction with the movable prism 27, after passing 1 5, only the light of a 
wavelength required of a band pass filter 28 is made to penetrate selectively, and it is sent to the image pick-up 
means (CCD camera) 30 through a lens 29. Thus, the optical system for photography makes the light of the 
wavelength efficiently received with CCD camera 30 penetrate selectively, and imaging is carried out on a 
television monitor. 

[0137] In addition, in order for the optical system for photography and the optical system for Lighting 
Sub-Division to irradiate the caught carrier in the watercourse of a measuring cell in drawing 2 and to picturize, it 
is required to make it in agreement with the optical system for measurement with the movable prism 27. Moreover, 
in the equipment of this invention, this optical system for photography and an image pick-up means are not 
necessarily required. Therefore, you may remove from the optical system for measurement if needed by using it, 
only when catching a carrier, and moving the movable prism 27 at the time of others. 

[0138] [Form of the 2nd operation] Next, the base-sequence-determination equipment concerning the form of 
operation of the 2nd of this invention is explained with reference to drawing 10 . 

[0139] The 2nd fundamental composition of the form of operation is the same as the form of the 1st operation. In 
the form of operation of the 2nd of drawing 10 , the same sign is attached about the same portion (codes 1-30) as 
the form of the 1 st operation shown in drawing 2 . The test sample for chemical analysis which carried out the 
discernment sign of the base of nucleic acid using two kinds of fluorescent substances is used for the equipment of 
the form of this operation. 

[0140] Therefore, with the form of this operation, two kinds of lasers with which radiation wavelengths differ, for 
example, argon ion laser, (wavelength 514.5nm), and a solid blue laser (wavelength of 473nm) are used as a laser 
light source for excitation. Therefore, in addition to the laser light source 1 1 for excitation, the second laser light 
source 31 for excitation is installed in the equipment of the form of this operation in drawing 10 . 
[0141] The optical beam from the second laser light source 31 for excitation is also made into a collimated beam 
with a collimate lens 32, and is enlarged in a beam diameter by the beam expander 33. [ as well as the optical beam 
from the laser light source 1 1 for excitation ] Then, a light path is bent with the die clo IKKU half mirrors 35 and 
14 of 34 or 2 mirrors, and it is led to the objective lens 10. The optical beam from these two laser light sources 1 1 
and 3 1 for excitation is summarized to one light path with the die clo IKKU half mirror 35, and is led to the 
objective lens 10. 

[0142] Thus, two kinds of fluorescent substances can be excited by using two kinds of lasers with which 
wavelengths differ. As two kinds of fluorescent substances, rhodamine Green (RG) and tetramethyl rhodamine 
5-isothiocyanate (TMR) can be used, for example. Rhodamine Green is excited by a solid blue laser (473nm), 
fluorescence with a wavelength of 550nm is emitted, and on the other hand, tetramethyl rhodamine 
5-isothiocyanate is excited by argon laser (514.5nm), and emits fluorescence with a wavelength of 570nm. It 
becomes possible to distinguish and detect two kinds of bases by making the fluorescence of a different wavelength 
using two kinds of fluorescent substances emit. 

[0143] With the form of this operation, in order to detect the fluorescence of an emitted different wavelength, it is 
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necessary to also make the optical system for measurement into two lines. That is, the fluorescence from two kinds 
of fluorescent substances is adjusted so that it may double with the luminous wavelength of each fluorescent 
substance and transmission hardness may become the maximum with the die clo IKKU half mirror 36, and a light 
path is divided into two. As for the light divided into two, one of these passes along a band pass filter 1 9, and is 
received with the light-receiving machine 20. The lightwave signal changed into the photoelectron with the 
light-receiving machine is processed in the signal analysis part 21, it is sent to a computer 23 as a photon pulse, and 
calculation of the number of pulses is carried out Similarly, another light also passes along a band pass filter 37, 
and is received with the light-receiving machine 38. The signal from the light-receiving machine 20 is processed in 
the signal analysis part 39, and is sent to a computer 23. In addition, the signal-control part 22 can feed back the 
received information to the laser light source for carrier capture, and can cancel the trap of a carrier. 
[0144] The composition of such two optical systems for measurement is fundamentally [ as one optical system for 
measurement in the form of the 1st operation ] the same. The field which measures the strength of the light with 
two light-receiving machines is the same field. Thus, about two light paths, fluorescence is independently 
detectable, respectively. 

[0145] The equipment of the form of the 2nd operation has the following advantages. That is, the location of two 
kinds of fluorescence can be simultaneously read by one measurement, and the base sequence corresponding to this 
can be read. Therefore, measurement precision can be raised while reducing the number of times of measurement 
compared with the equipment of the form of the 1st operation. 

[0146] In addition, the base-sequence-determination equipment of this invention can also determine the base 
sequence of the nucleic acid which carried out the discernment sign of the base using three kinds of fluorescent 
substances which install and distinguish three laser light sources for excitation, and may be detected. The 
base-sequence-determination equipment which installed the laser light source for excitation exceeding three more 
is also possible, and such equipment is also included by the range of this invention. 

[0147] [Form of the 3rd operation] Next, the base-sequence-determination equipment concerning the form of 
operation of the 3rd of this invention is explained with reference to drawing 1 1 . 

[0148] The 3rd fundamental composition of the form of operation is the same as the form of the 1st operation. The 
same sign is attached about the same portion (codes 1-30) as the form of the 1st operation which is shown in 
drawing 1 1 and which is shown in drawing 2 in the form of the 3rd operation. The test sample for chemical 
analysis which carried out the discernment sign of the base of nucleic acid using one kind of fluorescent substance 
is used for the equipment of the form of this operation like the form of the 1st operation. 

[0149] the whole surface as shown in drawing 12 as a measuring cell equipped with the watercourse with the form 
of this operation -- transparent measuring cell V is used. Drawing 12 is drawing corresponding to drawing 3 (c), 
and is the sectional view cut along the watercourse. 

[01 50] The structure of measuring cell 1' is fundamentally [ as the measuring cell 1 shown in drawing 3 ] the same. 
The measuring cells 1 differ to only the field which laser light penetrates being transparent in that measuring cell 1' 
used here is a cell with the transparent whole surface. Measuring cell 1' may consist of a glass plate, Pyrex 
(registered trademark) or an acrylic, and a transparent plastic sheet like vinyl chloride resin, for example. 
[01 51] The optical system for photography for observing the condition that carrier particles were caught can be 
made to separate from the optical system for measurement by using such measuring cell 1\ That is, in drawing 1 1 , 
the optical systems 43, 28-29 for photography are separated with the optical system from the objective lens 1 0 
which is an optical system for measurement to the light-receiving machine 20. 

[01 52] In the form of this operation, only the illumination light by a halogen lamp 24 and the light of a wavelength 
required of a band pass filter 28 after expanding to the objective lens 43 through the optical beam by the laser 3 for 
carrier capture are made to penetrate selectively, and it picturizes with the image pick-up means (CCD camera) 30 
through a lens 29. 

[01 53] Moreover, the base-sequence-determination equipment of this invention may be equipped with the shutter 
opened and closed corresponding to the action of each optical system as it is illustrated by drawing 1 1 . The first 
optical system which specifically leads the laser for carrier capture to a measuring cell from a light source 3 in 
drawing 1 1 , Shutters 40, 41 , and 42 are installed in each of the second optical system which leads the laser for 
excitation to a measuring cell from a light source 1 1 , and the optical system for measurement from the objective 
lens 10 to the light-receiving machine 20 in order. 

[01 54] Thus, since transmission will be observed while the disturbance to the measuring beam of the optical 
system for observation is removable by making the optical system for photography separate from the optical system 
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for measurement, a view becomes bright and the situation of conveyance of carrier particles and the situation of 
particle capture can be detected clearly. 

[0155] [Form of the 4th operation] Next, the base-sequence-determination equipment concerning the form of 
operation of the 4th of this invention is explained with reference to drawing 13 . 

[0156] The 4th fundamental composition of the form of operation is the same as the form of the 1st operation. The 
same sign is attached about the same portion (codes 1-30) as the form of the 1st operation which is shown in 
drawing 1 3 and which is shown in drawing 2 in the form of the 4th operation. The test sample for chemical 
analysis which carried out the discernment sign of the base of nucleic acid using one kind of fluorescent substance 
is used for the equipment of the form of this operation like the form of the 1st operation. 
[0157] the whole surface as shown in drawing 12 as a measuring cell equipped with the watercourse like the 
equipment concerning the form of the 3rd operation with the form of this operation -- transparent measuring cell 1' 
is used. 

[0158] The optical system for photography for observing the condition that carrier particles were caught can be 
made to separate from the optical system for measurement by using such measuring cell 1\ That is, in drawing 13 , 
the optical systems 43, 28-29 for photography are separated with the optical system from the objective lens 10 
which is an optical system for measurement to the light-receiving machine 20. 

[0159] Thus, since transmission will be observed while the disturbance to the measuring beam of the optical 
system for observation is removable by making the optical system for photography separate from the optical system 
for measurement, a view becomes bright and the situation of conveyance of carrier particles and the situation of 
particle capture can be detected clearly. 

[0160] furthermore - the form of this operation - the whole surface - it becomes possible by using transparent 
measuring cell 1' to make the first optical system which leads the laser for carrier capture to a measuring cell 
separate from the second optical system and optical system for measurement which lead the laser for excitation to a 
measuring cell. That is, in drawing 13 , the first optical system 4-9, and 43 is separated from the second optical 
systems 11-14, and 10 and optical systems 10, 14-20 for measurement. In drawing 13 , the laser for carrier capture 
enters from the upper surface of a measuring cell, and condenses in a watercourse, and the laser for excitation 
enters from the underside of a measuring cell, and condenses in a watercourse. 

[0161] Thus, it becomes easy by sharing the same optical system and not making the laser for carrier capture 
(infrared light), and the laser for excitation (visible light) condense in a watercourse to double the focal location of 
each laser light. Generally, in infrared light and a visible light, in order to double a focal location with the same 
location through the same optical system, an amendment optical system is needed. However, it becomes possible 
like drawing 13 to double a focal location uniquely, respectively by letting a separate optical system pass for the 
laser for carrier capture, and the laser for excitation. 

[0162] In addition, please also refer to description of the following detailed base-sequence-determination methods 
about the action of the base-sequence-determination equipment concerning the form of implementation of all 
above. 

[0163] The <base-sequence-determination method>, next the base-sequence-determination method of this 
invention are explained. In addition, the base-sequence-determination method of this invention can be performed 
using above-mentioned equipment. Please also refer to the composition of above-mentioned equipment suitably. 
[0164] The base-sequence-determination method of this invention the nucleic acid which matched and carried out 
the discernment sign of the class of base, and the class of fluorescent substance as a test sample for chemical 
analysis using the carrier made to adhere as a measuring cell The process which conveys the suspension of a carrier 
to which said nucleic acid which is the base-sequence-determination method using the cell which equipped the core 
with the watercourse and was equipped with the transparent field for making an optical beam penetrate into said 
watercourse, and is one test sample for chemical analysis was made to adhere to the watercourse of said measuring 
cell, 2) The process which catches in a watercourse the carrier to which said nucleic acid was made to adhere by a 
laser trap, 3) The process which pours the enzyme liquid which cuts the mononucleotide which constitutes nucleic 
acid in said watercourse sequentially from an end, 4) the process which excites in order the fluorescent substance 
which is carrying out the discernment sign of the base of the mononucleotide cut with said enzyme liquid, and 5 - 
it is the method of providing the process which detects the fluorescence which the fluorescent substance excited by 
said process emits one by one, and reads the base sequence corresponding to the detected fluorescence. 
[0165] In a desirable mode, [ the base-sequence-determination method of this invention ] The nucleic acid which 
matched and carried out the discernment sign of the class of base, and the class of fluorescent substance as a test 
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sample for chemical analysis using the carrier made to adhere as a measuring cell The process which conveys the 
suspension of a carrier to which said nucleic acid which is the base-sequence-determination method using the cell 
which equipped the core with the watercourse and was equipped with the transparent field for making an optical 
beam penetrate into said watercourse, and is one test sample for chemical analysis was made to adhere to the 
watercourse of said measuring cell, 2-1) The process which catches in a watercourse the carrier to which said 
nucleic acid was made to adhere by a laser trap, 2-2) the process which checks that the nucleic acid molecule by 
which the discernment sign was carried out with the fluorescent substance has adhered to the carrier caught by said 
process by irradiating excitation light, and 2-3 -- in said watercourse The process which locates the radiation 
location of the laser for catching said carrier upstream of the radiation location of said excitation light, 3) The 
process which pours the enzyme liquid which cuts the mononucleotide which constitutes nucleic acid in said 
watercourse sequentially from an end, 4) Detect the fluorescence to which the fluorescent substance excited by the 
process excited in order and the 5 aforementioned processes emits the fluorescent substance which is carrying out 
the discernment sign of the base of the mononucleotide cut with said enzyme liquid one by one. It is the method of 
providing the process which reads the base sequence corresponding to the detected fluorescence. 
[0166] About the test sample for chemical analysis and measuring cell which are used by the 
base-sequence-determination method of this invention, it is as above-mentioned description. Each process of 1-5 is 
explained in order hereafter. Please also refer to the flowchart figure shown in drawing 14 about the whole 
base-sequence-determination method flowing. 

[0167] 1) Convey to a measuring cell according to solution carrying- in / taking-out mechanism in which the 
conveyance test sample for chemical analysis (carrier suspension to which the nucleic acid which carried out the 
discernment sign of the base with the fluorescent substance was made to adhere) of a test sample for chemical 
analysis is shown in drawing 5 . 

[0168] 2-1) Turn on the laser for capture carrier capture of a carrier, and catch one carrier by a laser trap. When one 
carrier is caught, it is good to flush the carrier of others which exist all over a watercourse and which were not 
caught with buffer solution. Here, the condition that one carrier was caught can be checked by an image pick-up 
means (CCD camera). 

[0169] 2-2) It can also check adhering to the nucleic acid molecule by which the discernment sign was carried out 
to the caught carrier with the fluorescent substance as follows. Where a carrier is caught by a laser trap, the laser 
for excitation is turned on. At this time, the optical beam of the laser for excitation irradiates the carrier caught 
through the same light path as the laser for carrier capture. The fluorescent substance which is carrying out the sign 
of the nucleic acid which the carrier is supporting by this is excited. 

[0170] Subsequently, the existence of the fluorescence emitted from a fluorescent substance is measured. The 
signal of the fluorescence emitted is changed into an electric signal (photon pulse), and is detected. An example as 
a result of fluorometry is shown in drawing 15 . A certain threshold is decided beforehand, and only when many 
numbers of photon pulses are measured rather than this, it is judged that fluorescence was detected. This threshold 
may be suitably set up in consideration of the background noise of equipment etc. 

[0171] When the number of photon pulses is lower than a threshold and fluorescence is not detected (in the case [ 
Flowchart ] of "NO"), it is judged that the nucleic acid molecule has not adhered to a carrier. A commander is 
taken out with a signal-control part at this time, radiation of the laser for carrier capture is stopped, and the trap of a 
carrier is canceled. The suspension of a carrier is again poured to a measuring cell, and the same action is repeated 
until fluorescence is detected in fluorometry. 

[01 72] When the number of photon pulses is higher than a threshold and fluorescence is detected (in the case [ 
Flowchart ] of "YES"), it is judged that the nucleic acid molecule has adhered to the carrier. 
[01 73] 2-3) If it is checked that the nucleic acid molecule has adhered to the caught carrier, the radiation location 
of the laser for carrier capture and the laser for excitation which is irradiating the carrier through the same light 
path will be changed into a predetermined condition (predetermined condition shown in drawing 9 ) required for 
the analysis of a base sequence. That is, when conveying in a watercourse the dialytic ferment liquid which cuts 
one nucleobase at a time, the carrier is caught in the upstream and the condition that the laser for excitation is 
irradiated in the lower stream is built. A predetermined condition can be built by specifically moving the laser 
beam for carrier capture which suited on the same light path as the laser beam for excitation to an optical axis and a 
perpendicular direction (the length direction of a watercourse). Or you may make the predetermined condition 
shown in drawing 9 by shifting the light path of the laser beam for excitation from the light path of the laser beam 
for carrier capture. 
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[0174] [ here / the distance to which the laser for carrier capture and/or the laser beam for excitation are moved ] It 
is made not to be limited especially if located in the location which both lasers left in the objective lens view, but to 
move until it is located in the location which both lasers left most within the objective lens view preferably (about 
25 micrometers). 

[0175] 3) After both laser beams are set as the predetermined condition for analyzing the introductory base 
sequence of a dialytic ferment, pour the buffer solution which contains a dialytic ferment according to solution 
carrying-in / taking-out mechanism to the watercourse of a measuring cell. The mononucleotide of the nucleic acid 
adhering to a carrier is cut sequentially from an end by introduction of a dialytic ferment. 
[0176] As buffer solution containing a dialytic ferment, 100 mM Tris-HCl (pH 7.5), lOmM MgC12, and 2.5mM 
DTT can be used. Exonuclease, T7 polymerase, etc. which have the activity of 1 0 - 200nM can be used for a 
dialytic ferment. A decomposition reaction is performed at a room temperature in this buffer solution. Composition 
of buffer solution, temperature, etc. are not limited to the above-mentioned thing. 

[01 77] The rate of flow will not be limited, if it is the speed (lower limit) which the cut mononucleotide keeps the 
cutting order and can be flowed through a watercourse as above-mentioned and is the speed (maximum) which 
does not escape from the condition that the laser trap of the carrier was carried out. For example, it can be made 
about 1 mm/s. 

[01 78] In addition, it is necessary to perform operation of conveying solution in a watercourse so that pulsating 
flow may not arise after a carrier is caught in a watercourse. This is to keep the carrier caught from being washed 
away by pulsating flow, and is for the cut base keeping the order and making it have the inside of a watercourse 
conveyed. 

[0179] 4) The base of the mononucleotide cut with fluorescence illuminant solution enzyme flows into the order 
cut by the radiation location (namely, measurement field) of the laser for excitation in a watercourse under control 
of the above-mentioned rate of flow. The fluorescent substance which is carrying out the discernment sign of the 
base is excited one by one by this, and the fluorescence emitted at this time is led to the optical system for 
measurement through an objective lens one by one. 

[0180] 5) With the fluorescent substance which is carrying out the discernment sign of each base of the reading 
nucleic acid of a base sequence, a base sequence is deciphered one by one. 

[0181] The example which matched and carried out the discernment sign of the class of base of nucleic acid and 
the class of fluorescent substance is given hereafter. 

[0182] For example, the reading result of a base sequence is shown about the test sample for chemical analysis 
which used one kind of fluorescent substance for drawing 16 , and carried out the discernment sign of the one kind 
of a DNA base to it. This test sample for chemical analysis can read arrangement using the equipment of the form 
of operation of the 1 st of this invention. 

[0183] It is shown among drawing that "O" has a sign by a fluorescent substance in this base and that "x" does not 
have a sign by a fluorescent substance in this base. Let what carried out fluorescent labeling of a sample 1-2 and all 
the thymines for what carried out fluorescent labeling of a sample 1-1 and all the guanine for what carried out 
fluorescent labeling of all the adenine among four kinds of bases of Sample DNA be a sample 1-3. 
[0184] Thus, when the sign only of the single base is carried out, in order to read all the base sequences, at least 3 
times of measurement counts are needed, but the base sequence of DNA can be read as the reading result shows. 
[01 85] Moreover, the reading result of a base sequence is shown about the test sample for chemical analysis which 
used two kinds of fluorescent substances for drawing 1 7 , and carried out the discernment sign of two kinds of 
bases to it. This test sample for chemical analysis can read arrangement using the equipment of the form of 
operation of the 2nd of this invention. 

[0186] It is shown among drawing that "O" has a sign by the fluorescent substance A (for example, TMR) in this 
base, that "-" has a sign by the fluorescent substance B (for example, RG) in this base, and that M x" does not have a 
sign by a fluorescent substance in this base. Let what carried out the discernment sign of a sample 2-1 , a thymine, 
and the cytosine for what carried out the discernment sign of adenine and the guanine with two kinds of fluorescent 
substances A and B among four kinds of bases of Sample DNA, respectively with two kinds of fluorescent 
substances A and B, respectively be a sample 2-2. The reading result is collectively shown in drawing 1 8 . 
[01 87] Thus, if two kinds of fluorescent substances are used, the location of two kinds of bases can be 
simultaneously detected by one measurement, and the measurement count for reading all the base sequences can be 
made into at least 2 times. It becomes possible to perform sequencing for a short time as compared with the case 
(example shown in drawing 1 6 ) where one kind of fluorescent substance is used. 
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[0188] Moreover, two kinds of fluorescent substances are used for drawing 19 , and the reading result of a base 
sequence is shown about the test sample for chemical analysis which, in addition to this, carried out the 
discernment sign of three kinds of bases to one kind of base. This test sample for chemical analysis can read 
arrangement using the equipment of the form of operation of the 2nd of this invention. 

[0189] It is shown among drawing that M 0" has a sign by the fluorescent substance A (for example, TMR) in this 
base and that "-" has a sign by the fluorescent substance B (for example, RG) in this base. The sign of the adenine 
is carried out with the fluorescent substance A among four kinds of bases of Sample DNA. Carry out what carried 
out the sign of the other bases (G, T, C) with the fluorescent substance B by a sample 3-1 , and the sign of the 
guanine is carried out with the fluorescent substance A. Let what carried out what carried out the sign of the other 
bases (A, T, C) with the fluorescent substance B by the sample 3-2, carried out the sign of the thymine with the 
fluorescent substance A, and carried out the sign of the other bases (A, G, C) with the fluorescent substance B be a 
sample 3-3. 

[0190] Thus, since fluorescence will come to be observed about four kinds of all bases if the discernment sign of 
four kinds of all bases is carried out using two kinds of fluorescent substances, measuring accuracy can be raised. It 
becomes unnecessary that is, for the length of the time when fluorescence was not detected to determine the 
number of bases with which fluorescence was not observed like the example shown in drawing 16 and drawing 17 

[0191] In addition, as for the method of this invention, it is desirable to change a DNA molecule, to acquire two or 
more times of sequencing data to one test sample for chemical analysis, and to raise the reliability of data. In 
addition, the pattern which carries out the discernment sign of the base of nucleic acid is not limited to drawing 16 , 
drawing 1 7 , and the example shown in drawing 19 , but can be set up suitably. 
[0192] 

[Effect of the Invention] As explained above, this invention offers new base-sequence-determination equipment 
and the base-sequence-determination method. According to this invention, skill is not needed but, moreover, the 
base sequence of nucleic acid can be read easily in a short time. Moreover, this invention has the advantage that 
there is no restriction in the length of the nucleic acid used as a sample theoretically. 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the test sample for chemical analysis used for the base sequence determination of 
this invention. 

[Drawing 2] Drawing showing the composition of the base-sequence-determination equipment concerning the form 
of operation of the 1st of this invention. 

[Drawing 3] Drawing showing the composition of a measuring cell. 
[Drawing 4] Drawing showing another example of a measuring cell. 

[Drawing 5] Drawing showing the composition of solution carrying-in / taking-out mechanism. 

[Drawing 6] Drawing showing the example of the autonomous working of solution carrying-in / taking-out 

mechanism. 

[Drawing 7] Drawing showing the example of the autonomous working of solution carrying-in / taking-out 
mechanism. 

[Drawing 8] Drawing showing signs that one carrier is caught in the watercourse of a measuring cell. 

[Drawing 9] Drawing showing the situation in the watercourse of the measuring cell at the time of base sequence 

analysis. 

[Drawing 10] Drawing showing the composition of the base-sequence-determination equipment concerning the 
form of operation of the 2nd of this invention. 

[Drawing 11] Drawing showing the composition of the base-sequence-determination equipment concerning the 
form of operation of the 3rd of this invention. 

[Drawing 12] the whole surface - drawing showing the composition of a transparent measuring cell. 
[Drawing 13] Drawing showing the composition of the base-sequence-determination equipment concerning the 
form of operation of the 4th of this invention. 

[Drawing 14] The flowchart figure showing the flow of the base-sequence-determination method of this invention. 
[Drawing 15] Drawing showing an example of the result of having measured the existence of the fluorescence of a 
test sample for chemical analysis. 

[Drawing 1 6] Drawing showing an example of a result which analyzed the base sequence of DNA. 
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[Drawing 17] Drawing showing an example of the result which the base sequence of DNA analyzed. 
[Drawing 1 8] Drawing showing the measurement result of drawing 17. 

[Drawing 19] Drawing showing an example of a result which analyzed the base sequence of DNA. 
[Explanations of letters or numerals] 

1 T A measuring cell, la, la — A body portion, lb A surface portion, lc, lc' -- A watercourse, Id, Id A 
contact button, le The electrode holder of the measuring cell equipped with the watercourse, 2 -- Solution 
carry ing-in / taking-out mechanism, 2a — The tank for carrying in, 2b The inner tube for carrying in, 2c — The 
tank for taking out, 2d - The inner tube for taking out, 3 - The laser light source for carrier capture, 4 [ - Mirror, ] 
- A collimate lens, 5 - A beam expander, 6 - A lens, 7 8 - A lens, 9 - A die clo IKKU half mirror, 10 ~ 
Objective lens, 1 1 - The laser light source for excitation, 12 - A collimate lens, 13 ~ Beam expander, 14 - A die 
clo IKKU half mirror, 1 5 -- A lens, 1 6 -- Aperture, 1 7 -- A condenser, 1 8 - Ir cut off filter, 19 - Band pass filter, 
20 [ - Computer, ] — A light-receiving machine, 21 — A signal analysis part, 22 ~ A signal-control part, 23 24 [ — 
Movable prism, ] ~ A halogen lamp, 25 - A lens, 26 - A movable mirror, 27 28 - a band pass filter and 29 - a 
lens and 30 ~ a CCD camera and 31 - the ~ The laser light source for excitation of two, and 32 — a collimate lens 
and 33 - a beam expander and 34 - a mirror and 35 ~ a die clo IKKU half mirror - 36 ~ A die clo IKKU half 
mirror, 37 - Band pass filter, 38 [ - Shutter (2), ] - A light-receiving machine, 39 - A signal analysis part, 40 -- A 
shutter (1), 41 42 ~ A shutter (3), 43 - An objective lens, 44 — Dialytic ferment introduction syringe, 45 [ - T type 
joint, 49 / — T type joint, 50 / — A contact button, 51 / ~ A contact button, 52 / - A negative pressure pump, 53 / ~ 
A waste fluid tank, 54 / - T type joint, 55 / T type joint ] ~ A sample introduction syringe, 46 - A buffer 
solution tank, 47 - A buffer solution tank, 48 



Page 25 



